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ABSTRACT : 



PROBLEM TO BE SOLVED: To eliminate an aberration component of higher-order from a 
projection optical system without incurring the malfunction of optical parts and the 
projection optical system itself by a method wherein an spherical surface which corrects 
the optical system for higher-order aberration left in it is provided to the optical member 
basing on the surface shape of the optical member, a space between the optical surfaces 
of the optical member, and the optical design data of the projection optical system. 



SOLUTION: A plurality of optical members Li to L 5 are arranged in a prescribed order 
and assembled into a projection optical system PL. The projection optical optical system 
PL is corrected for aberration of higher-order by turning the optical surface (refracting 
surface of the like) of an optical member inside the projection optical system PL spherical 
(fine spherical surface) after one out of the plurality of optical members to L 5 
comprising the projection optical system PL is moved (the optical members to L 5 are 
changed in space between them, moved in the direction of an optical axis or in the 
direction vertical to an optical axis, an tilted) to adjust the assembled projection optical 
system PL or the optical members Li to L 5 are assembled into a projection optical system 
PL. 
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j* NOTICES * 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the manufacture approach of the projection optics for projecting the image of the 1st body 
to up to the 2nd body The 1st process which manufactures two or more optical members which should 
constitute said projection optics, The 2nd process which measures the field configuration of the optical 
surface of two or more optical members manufactured according to this 1st process, respectively, The 
3rd process which assembles projection optics using said two or more optical members manufactured at 
said 1st process, In order to amend the aberration measured by the 4th process and this 4th process for 
measuring the aberration which remains in said projection optics after this 3rd process, while adjusting 
said projection optics The 5th process which asks for spacing of the optical surface between said two or 
more optical members which constitute said projection optics in the time during this adjustment of the 
completion of adjustment, The 6th process which measures the high order aberration which remains in 
said projection optics after said 5th process, The information on the field configuration of each optical 
member obtained at said 2nd process, and the information on spacing of the optical surface between said 
two or more optical members obtained at said 5th process, The manufacture approach of the projection 
optics characterized by having the 7th process which forms the aspheric surface which amends the 
amount of high order aberration which was obtained at said 6th process, and which remains in at least 
one of said two or more of the optical members based on the optical design information on said projection 
optics. 

[Claim 2] Said aspheric surface formed at said 7th process is the manufacture approach of the projection 
optics according to claim 1 characterized by satisfying 0.02<S (n~l) / lambda< 0.483 when setting the 
maximum variation of said aspheric surface in the direction of an optical axis of said projection optics to 
S and setting to n the refractive index of said optical member in which lambda and said aspheric surface 
are formed in exposure wavelength. 

[Claim 3] The manufacture approach of the projection optics according to claim 1 or 2 characterized by 
satisfying |C|<0.02 when forming said aspheric surface in the refracting interface of said optical member 
and setting the curvature of this refracting interface to C. 

[Claim 4] The die length of said projection optics which met the optical axis to the refracting interface of 
the optical member by the side of the 2nd body most is most set to D from the refracting interface of the 
optical member by the side of the 1st body, said projection optics — The manufacture approach of 
projection optics given in either of claim 1 to claims 3 characterized by satisfying the conditions of 0 
<=d/D<0.37 when setting to d distance in alignment with the optical axis to the refracting interface of 
the optical member in which said aspheric surface is most formed from the refracting interface of the 
optical member by the side of the 1st body of said projection optics. 

[Claim 5] The distance which said aspheric surface set the height from an optical axis to h, and met the 
optical axis from the point on the aspheric surface in height h from an optical axis to the tangential plane 
in lens top-most vertices X (h), the radius of curvature of paraxial — r and a cone constant — the 
natural numbers from k and at least 1 to 12 — n and the n~th aspheric surface multiplier — Cn ** — 
the manufacture approach of projection optics given in either of claim 1 to claims 4 by which it is 
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Y Characterized [ it is satisfied with of the following formulas ] when carrying out. 

X(h) =A/[l+(l-kA/r) 0.5]+Cl hl+C2 h2+C3 h3+C4 h4+ They are +Cn hn, however A=h2 / r. 

v [Claim 6] In the projection aligner which illuminates the exposure light from an illumination-light study 
system to the pattern formed on the mask, and exposes this pattern to a photosensitive substrate 
through projection optics said projection optics It has two or more optical members for forming the image 
of said pattern in said photosensitive substrate. The aspheric surface for amending the aberration 
component which remains in said projection optics is formed in at least one of said two or more of the 
optical members. The projection aligner characterized by satisfying 0.02<S (n~l) / lambda< 0.483 when 
setting the maximum variation of said aspheric surface in the direction of an optical axis of said 
projection optics to S and setting to n the refractive index of said optical member in which lambda and 
said aspheric surface are formed in exposure wavelength. 

[Claim 7] The projection aligner according to claim 6 characterized by satisfying |C|<0.02 when forming 
said aspheric surface in the refracting interface of said optical member and setting the curvature of this 
refracting interface to C. 

[Claim 8] The die length of said projection optics which met the optical axis to the refracting interface of 
the optical member by the side of a photosensitive substrate most is most set to D from the refracting 
interface of the optical member by the side of a mask, said projection optics — The projection aligner 
according to claim 6 or 7 characterized by satisfying the conditions of 0 <=d/D<0.37 when setting to d 
distance in alignment with the optical axis to the refracting interface of the optical member in which said 
aspheric surface is most formed from the refracting interface of the optical member by the side of a mask 
of said projection optics. 

[Claim 9] The distance which said aspheric surface set the height from an optical axis to h, and met the 
optical axis from the point on the aspheric surface in height h from an optical axis to the tangential plane 
in lens top-most vertices X (h), the radius of curvature of paraxial — r and a cone constant — the 
natural numbers from k and at least 1 to 12 — n and the n-th aspheric surface multiplier — Cn ** — 
projection aligner given in either of claim 6 to claims 8 by which it is characterized [ it is satisfied with of 
the following formulas ] when carrying out. 

X(h) =A/[l+(l-kA/r) 0.5]+Cl hl+C2 h2+C3 h3+C4 h4+ They are +Cn hn, however A=h2 / r. 

[Claim 10] The process which illuminates exposure light in the approach of manufacturing a 
semiconductor device, to the predetermined pattern formed on the mask, It has the process which 
carries out projection exposure of said pattern through projection optics at a photosensitive substrate. 
Said projection optics It has two or more optical members for forming the image of said pattern in said 
photosensitive substrate. The aspheric surface for amending the aberration component which remains in 
said projection optics is formed in at least one of said two or more of the optical members. The 
manufacture approach of the semiconductor device characterized by satisfying 0.02<S (n-1) / lambda< 
0.483 when setting the maximum variation of said aspheric surface in the direction of an optical axis of 
said projection optics to S and setting to n the refractive index of said optical member in which lambda 
and said aspheric surface are formed in exposure wavelength. 

[Claim 11] An approach to manufacture the semiconductor device according to claim 10 characterized by 
satisfying |C|<0.02, when forming said aspheric surface in the refracting interface of said optical member 
and setting the curvature of this refracting interface to C. 

[Claim 12] The die length of said projection optics which met the optical axis to the refracting interface 
of the optical member by the side of a photosensitive substrate most is most set to D from the refracting 
interface of the optical member by the side of a mask, said projection optics — The manufacture 
approach of the semiconductor device according to claim 10 or 11 characterized by satisfying the 
conditions of 0 <=d/D<0.37 when setting to d distance in alignment with the optical axis to the refracting 
interface of the optical member in which said aspheric surface is most formed from the refracting interface 
of the optical member by the side of a mask of said projection optics. 

[Claim 13] The distance which said aspheric surface set the height from an optical axis to h, and met the 
optical axis from the point on the aspheric surface in height h from an optical axis to the tangential plane 
in lens top-most vertices X (h), the radius of curvature of paraxial — r and a cone constant — the 
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^natural numbers from k and at least 1 to 12 — n and the n-th aspheric surface multiplier — Cn ** — 
the manufacture approach of a semiconductor device given in either of claim 10 to claims 12 by which it 

v is characterized [ it is satisfied with of the following formulas ] when carrying out. 

X(h) =A/[l+(l-kA/r) 0.5]+Cl hl+C2 h2+C3 h3+C4 h4+ They are +Cn hn, however A=h2 / r. 

[Claim 14] In the approach of manufacturing the projection optics for projecting the image of the 1st 
body to up to the 2nd body by assembling in predetermined sequence using two or more optical members 
The 1st process which precedes assembling said projection optics using two or more optical members, 
and measures the configuration of the optical surface of two or more optical members, The 2nd process 
which assembles projection optics using said two or more optical members, and acquires the information 
about arrangement of two or more of said optical members inside or after an assembly, The information 
about the configuration of the optical surface of two or more of said optical members obtained at said 1st 
process, The manufacture approach of the projection optics characterized by having the 3rd process 
which forms in at least one of said two or more of the optical members the aspheric surface which 
removes the aberration which remains in said projection optics based on the process which acquires the 
information about arrangement of two or more of said optical members obtained at said 2nd process. 
[Claim 15] Said aspheric surface formed at said 3rd process is the manufacture approach of the projection 
optics according to claim 14 characterized by satisfying 0.02<S (n-1) / lambda< 0.483 when setting the 
maximum variation of said aspheric surface in the direction of an optical axis of said projection optics to 
S and setting to n the refractive index of said optical member in which lambda and said aspheric surface 
are formed in exposure wavelength. 

[Claim 16] The manufacture approach of the projection optics according to claim 14 or 15 characterized 
by satisfying |C|<0.02 when forming said aspheric surface in the refracting interface of said optical 
member and setting the curvature of this refracting interface to C. 

[Claim 17] The die length of said projection optics which met the optical axis to the refracting interface 
of the optical member by the side of the 2nd body most is most set to D from the refracting interface of 
the optical member by the side of the 1st body, said projection optics — When setting to d distance in 
alignment with the optical axis to the refracting interface of the optical member in which said aspheric 
surface is most formed from the refracting interface of the optical member by the side of the 1st body of 
said projection optics, The manufacture approach of projection optics given in either of claim 14 to 
claims 16 characterized by satisfying the conditions of 0 <=d/D<0.37. 

[Claim 18] The distance which said aspheric surface set the height from an optical axis to h, and met the 
optical axis from the point on the aspheric surface in height h from an optical axis to the tangential plane 
in lens top-most vertices X (h), the radius of curvature of paraxial — r and a cone constant — the 
natural numbers from k and at least 1 to 12 — n and the n-th aspheric surface multiplier — Cn ** — 
the manufacture approach of projection optics given in either of claim 14 to claims 17 by which it is 
characterized [ it is satisfied with of the following formulas ] when carrying out. 
X(h) =A/[l+(l-kA/r) 0.5]+Cl hl+C2 h2+C3 h3+C4 h4+ They are +Cn hn, however A=h2 / r. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is suitable for the projection aligner used about 
manufacture of the projection aligner which carries out projection exposure of the mask with 
which the predetermined pattern was formed on a photosensitive substrate, and the projection 
optics of that etc. at the photolithography process for manufacturing a semiconductor device, a 
liquid crystal display component, or the thin film magnetic heads, such as LSI, etc. especially. 
[0002] 

[Description of the Prior Art] What carries out projection exposure of the mask as the 
projection original edition with which the predetermined pattern was formed as an aligner used 
in order to manufacture a semiconductor device, a liquid crystal display component, or the thin 
film magnetic head on a photosensitive substrate through projection optics is known. The 
projection optics of the refraction mold which consists of lenses, such as an optical element of 
the refractility which has a penetrable optical property to the light of exposure wavelength as 
such projection optics, the projection optics of the reflective refraction mold which combined 
the lens as an optical element of refractility and the mirror as a reflexible optical element, and 
the projection optics of the reflective mold which consists of mirrors as a reflexible optical 
element altogether further are known. 

[0003] As a projection scale factor at the time of projecting a mask pattern on a photosensitive 
substrate using each above projection optics, there is contraction, actual size, or a thing to 
expand according to the component to manufacture. 
[0004] 

[Problem(s) to be Solved by the Invention] generally the projection optics of the aligner used in 
case various kinds of above components are manufactured is close to non-aberration at high 
resolution, in order to project a detailed mask pattern on a photosensitive substrate — a 
condition — very high optical-character ability is required. Therefore, in order to realize 
projection optics with which the specification demanded in recent years is filled, the technique 
for manufacturing projection optics becomes one big factor. For this reason, the manufacture 
error of an optical member own [, such as a lens which constitutes projection optics, ], Or by 
changing the'thickness of the washer inside the lens-barrel which holds optical members, such 
as a lens, for the error by the assembly manufacture error produced in the phase incorporating 
two or more optical members etc., in case projection optics is manufactured Spacing of each 
optical member can be adjusted and the aberration of a low degree which occurs or remains at 
the time of manufacture can be amended. 

[0005] However, it was impossible to have amended the high order aberration which occurs or 
remains at the time of manufacture by the adjustment technique of the above conventional 
projection optics. That is, it was difficult to remove the minute manufacture error which remains 
in the optical member itself, such as a lens, the minute aberration components (for example, 
high order image surface gryposis, high order distortion, etc.) which remain even if it adjusts 
spacing of an optical member. 

[0006] Therefore, even if it is able to design the projection optics which the situation where an 
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optical element and the projection optics which carried out rigging become poor arises 
frequently, and has high optical-character ability, it is very difficult to manufacture projection 
optics. For this reason, projection exposure of the mask pattern which becomes increasingly 
detailed is carried out on a photosensitive substrate according to projection optics, and it 
becomes difficult to manufacture various kinds of components, such as a semiconductor device 
with a higher degree of integration. 

[0007] Therefore, this invention is made in view of the above technical problem, and it can 
enable manufacture of projection optics with the high optical-character ability from which the 
high order aberration component was removed, without inviting the defect of the optic which 
constitutes projection optics, and the own defect of projection optics. For this reason, it aims at 
offering the manufacture approach of various kinds of components including the manufacture 
approach of the projection optics which a high order aberration component can remove, the 
projection aligner which can carry out projection exposure of the mask pattern good to a 
photosensitive substrate, and a semiconductor device with a further more high degree of 
integration in this invention. 
[0008] 

[Means for Solving the Problem] In the manufacture approach of the projection optics for 
carrying out projection exposure of the predetermined pattern formed on the mask at a 
photosensitive substrate according to the 1st mode of this invention, in order to realize the 
above purpose The 1st process which manufactures two or more optical members which should 
constitute said projection optics, The 2nd process which measures the field configuration of the 
optical surface of two or more optical members manufactured according to this 1st process, 
respectively, The 3rd process which assembles projection optics using said two or more optical 
members manufactured at said 1st process, In order to amend the aberration measured by the 
4th process and this 4th process for measuring the aberration which remains in said projection 
optics after this 3rd process, while adjusting said projection optics The 5th process which asks 
for spacing of the optical surface between said two or more optical members which constitute 
said projection optics in the time during this adjustment of the completion of adjustment, The 
6th process which measures the high order aberration which remains in said projection optics 
after said 5th process, The information on the field configuration of each optical member 
obtained at said 2nd process, and the information on spacing of the optical surface between said 
two or more optical members obtained at said 5th process, it comes out of having the 7th 
process which forms the aspheric surface which amends the amount of high order aberration 
which was obtained at said 6th process, and which remains in at least one of said two or more of 
the optical members based on the optical design information on said projection optics. 
[0009] When setting the maximum variation of said aspheric surface in the direction of an 
optical axis of said projection optics to S and setting to n the refractive index of said optical 
member in which lambda and said aspheric surface are formed in exposure wavelength, as for 
said aspheric surface formed at said 7th process at this time, it is desirable to satisfy 0.02<S 
(n-1) / lambda< 0.483. 

[0010] Moreover, according to the 2nd mode of this invention, illuminate exposure light to the 
pattern formed on the mask, and it sets to the projection aligner which exposes this pattern to a 
photosensitive substrate through projection optics. Said projection optics has two or more 
optical members for forming the image of said pattern in said photosensitive substrate. The 
aspheric surface for amending the aberration component which remains in said projection optics 
is formed in at least one of said two or more of the optical members. When setting the maximum 
variation of said aspheric surface in the direction of an optical axis of said projection optics to S 
and setting to n the refractive index of said optical member in which lambda and said aspheric 
surface are formed in exposure wavelength, 0.02<S (n-1) / lambda< 0.483 is satisfied. 
[0011] Moreover, according to the 3rd mode of this invention, it sets to an approach to 
manufacture a semiconductor device. It has the process which illuminates exposure light to the 
predetermined pattern formed on the mask, and the process which carries out projection 
exposure of said pattern through projection optics at a photosensitive substrate. Said projection 
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optics It has two or more optical members for forming the image of said pattern in said 
photosensitive substrate. The aspheric surface for amending the aberration component which 
remains in said projection optics is formed in at least one of said two or more of the optical 
members. When setting the maximum variation of said aspheric surface in the direction of an 
optical axis of said projection optics to S and setting to n the refractive index of said optical 
member in which lambda and said aspheric surface are formed in exposure wavelength, it is 
satisfying 0.02<S (n-1) / lambda< 0.483. 

[0012] According to the 4th mode of this invention, moreover, by assembling in predetermined 
sequence using two or more optical members In the approach of manufacturing the projection 
optics for projecting the image of the 1st body to up to the 2nd body The 1st process which 
precedes assembling said projection optics using two or more optical members, and measures 
the configuration of the optical surface of two or more optical members, The 2nd process which 
assembles projection optics using said two or more optical members, and acquires the 
information about arrangement of two or more of said optical members inside or after an 
assembly, The information about the configuration of the optical surface of two or more of said 
optical members obtained at said 1st process, Based on the process which acquires the 
information about arrangement of two or more of said optical members obtained at said 2nd 
process, it has the 3rd process which forms in at least one of said two or more of the optical 
members the aspheric surface which removes the aberration which remains in said projection 
optics. 

[0013] And it is |C|<0.02, when the 1st [ more than ] - the 4th mode form said aspheric surface 
in the refracting interface of said optical member and set the curvature of this refracting 
interface to C. (l-/mm) 

It is desirable that it is satisfied. The die length of said projection optics which met the optical 
axis to the refracting interface of the optical member by the side of the 2nd body 
(photosensitive substrate side) most is most set to D from the refracting interface of the optical 
member by the side of the 1st body (mask side), moreover — the 1st [ more than ] - the 4th 
mode — said projection optics — When setting to d distance in alignment with the optical axis 
to the refracting interface of the optical member in which said aspheric surface is most formed 
from the refracting interface of the optical member by the side of the 1st body (mask side) of 
said projection optics, it is good also as a configuration with which are satisfied of the conditions 
of 0<d/D<0.37. 
[0014] 

[Embodiment of the Invention] Two or more optical members are arranged in predetermined 
sequence, projection optics is assembled, and at least one location of two or more optical 
members which constitute projection optics is moved (change [ spacing / between optical 
members ]). An optical member is made migration and a pan in inclination etc. in the direction 
which intersects an optical member perpendicularly with the direction of an optical axis, or an 
optical axis. After completion of assembly adjustment, Projection optics is assembled using two 
or more optical members, and it sets after completion (for example, assembling projection optics 
including adjustment of projection optics after completion of a process etc.). Or in this invention 
The aberration component of the high order number which remains in projection optics is 
amended by changing the optical surfaces (refracting interface etc.) of a certain optical member 
within projection optics the aspheric surface (minute aspheric surface). When the aspheric 
surface (minute aspheric surface) said here assembles and manufactures projection optics using 
two or more optical members unlike the aspheric surface introduced in order to amend 
aberration positively [ in order to realize projection optics with the specification of a certain 
request ] at the time of a design, for example, assembly adjustment is carried out, the alignment 
error of projection optics etc. amends the high order aberration with difficult removal which 
remains in the manufacture error list of the optic itself. 

[0015] The aspheric surface at this time adjusts projection optics after ******** using two or 
more optical members. Or the 1st information which it preceded assembling projection optics 
using two or more optical members (for example, assembling projection optics including 
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adjustment of projection optics process etc.), measured the configuration of the optical surface 
of two or more optical members, and was acquired, It is determined based on the 2nd 
information about arrangement of two or more optical members which assembled projection 
optics using two or more optical members, and were obtained in inside or an assembly 
completion phase. In this case, the residual aberration of the projection optics in the phase 
which the assembly of the projection optics using two or more optical members completed is 
measured, and, as for that measured amount of aberration, it is desirable to consider as the 
desired value at the time of determining the configuration of the aspheric surface, a location, 
and a number using the 1st and 2nd information of the above. 

[0016] When setting the maximum variation of said aspheric surface in the direction of an 
optical axis of projection optics to S as the aspheric surface by this invention here and setting 
to n the refractive index of said optical member in which said aspheric surface is formed, it is 
desirable to satisfy the following (1) types. 

(1) If the minimum of the S (n-1) / lambda< 0.483 0.02< above-mentioned (1) type is exceeded, 
since the effectiveness as the aspheric surface fades, it is not desirable. If the upper limit of the 
above-mentioned (1) formula is exceeded, since the refractive power of the aspheric surface will 
become large too much, it becomes difficult to control the aberration of a high order number. 
And since it becomes difficult to take out the precision on polish of the aspheric surface which 
should be processed in this case demanded, aspheric surface processing becomes impossible. 
[0017] Moreover, when forming the aspheric surface by this invention in one [ at least ] 
refracting interfaces (a lens side, refractility flat surface, etc.) of a certain optical member (lens) 
which constitutes projection optics and setting the curvature in the paraxial of the refracting 
interface to C, it is desirable to satisfy the following (2) types. 

(2) |C|<0.02 (1/ram) 

If the upper limit of the above-mentioned (2) formula is exceeded, since the refractive power in 
the refracting interface in which the aspheric surface should be formed will become large, it 
becomes difficult to take out the precision on polish of the aspheric surface demanded, and 
aspheric surface processing becomes difficult. 

[0018] Moreover, when setting to D most the die length of projection optics which met the 
optical axis to the refracting interface of the optical member by the side of a photosensitive 
substrate most from the refracting interface of the optical member by the side of a mask and 
setting to d distance in alignment with the optical axis to the refracting interface of the optical 
member in which the aspheric surface is most formed from the refracting interface of the optical 
member by the side of a mask of projection optics of projection optics, it is more desirable to 
satisfy the following conditions (3). 

(3) The 0.37 0 <=d/D< above-mentioned (3) type specifies the optimal location of the aspheric 
surface over the projection optics which can amend the distortion and the image surface 
gryposis as high order aberration good. 

[0019] If the upper limit and minimum of the above-mentioned (3) formula are exceeded, since it 
becomes difficult to amend the distortion and the image surface gryposis as high order 
aberration good, it is not desirable. As for especially the aspheric surface formed in the 
refracting interface within projection optics in order to amend the high order image surface 
gryposis to fitness more, it is more desirable to be prepared in the location with which are 
satisfied of the following (4) types. 

(4) 0.05<d/D<0.37 — in order to amend a high order distortion with more sufficient balance 
again, as for the aspheric surface formed in the refracting interface within projection optics, it is 
more desirable to be prepared in the location with which are satisfied of the following (5) types. 

(5) When the aspheric surface by this invention described more than by 0 <=d/D<0.14 is a 
configuration symmetrical with rotation to an optical axis The distance which the aspheric 
surface set the height from an optical axis to h, and met the optical axis from the point on the 
aspheric surface in height h from an optical axis to the tangential plane in lens top-most vertices 
X (h), It is [ radius of curvature / of paraxial / constant / r and / cone ] Cn about n and the 
n-th aspheric surface multiplier in k and the natural number. When carrying out, it can express 
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by the degree type (6). 
[0020] 

X (h) =A/[l+(l-kA/r) 0.5] 

+ CI hl+C2 h2+C3 h3+C four h4 + +Cn hn A=h2 / r (6) 

Moreover, by making the oddth aspheric surface multiplier of the above-mentioned (6) formula 
into zero, the aspheric surface by this invention can also be expressed, as shown in following 
(6). 
[0021] 

X (h) =A/[l+(l-kA/r) 0.5] 

+ C2 h2+C4 h4+C6 h6+C8 h8+C10hlO + +C2ih2i A=h2 / r (7) 

However, for the distance and r in alignment with the optical axis from the point on the aspheric 
surface [ in / h from an optical axis to height, and / in X (h) / height h from an optical axis ] to 
the tangential plane in lens top-most vertices, the radius of curvature of paraxial and k is [ 
natural number and C2i of a cone constant and i ] 2i order aspheric surface multipliers. 
[0022] Here, when it constitutes an aspheric surface configuration symmetrical with rotation to 
an optical axis, as for the aspheric surface by this invention, it is desirable to consider as the 
configuration which considered the high order term (high order term in the time of making i into 
the natural numbers from at least 1 to 6 by the high order term in the time of making n into the 
natural numbers from at least 1 to 12 by the above-mentioned (6) formula and the 
above-mentioned (7) formula) to the 12th [ at least ] order. It enables this to amend the high 
order aberration which remains in projection optics. 

[0023] Moreover, it cannot be overemphasized that the aspheric surface by this invention may 
consist of configurations of rotation asymmetry not only to the symmetry of revolution but to an 
optical axis to the optical axis shown by the above-mentioned (6) formula and (7) formulas. Now, 
it explains, referring to an accompanying drawing about the example by this invention next. It is 
drawing showing the appearance of the aligner which equipped drawing 1 with projection optics 
PL. 

[0024] As shown in drawing 1 , the mask (reticle) R as the projection original edition with which 
the predetermined circuit pattern was formed in the body side of projection optics PL is 
arranged, and Mask R is held in the mask stage RS. On the other hand, the wafer W with which 
the resist was applied is arranged as a photosensitive substrate in the image surface of 
projection optics PL, and this wafer W is held on the wafer stage WS where it moves 
two-dimensional in the field which intersects perpendicularly with the optical axis Ax of 
projection optics. Further, this wafer stage WS it not only moves two-dimensional on it in the 
field which intersects perpendicularly with the optical axis Ax of projection optics, but in order 
to make the image surface (exposure side) of projection optics PL, and the front face of Wafer W 
agree (focus) It is prepared in the method Ax of an optical axis of projection optics movable, and 
a focus with the image surface (exposure side) of projection optics PL and the front face of 
Wafer W is detected in optical system by the oblique incidence automatic focus system (AF1, 
AF2) arranged in the slanting upper part of the wafer stage WS. 

[0025] An oblique incidence automatic focus system detects the focus condition of the image 
surface (exposure side) of projection optics PL, and the front face of Wafer W in photoelectricity 
by detecting the location of the light received by the detecting element AF 2, in case the 
incident light from a projection area AF 1 is reflected on the front face of Wafer W. In addition, 
it moves two-dimensional by the interferometer which measures the location of a mask stage RS, 
and the drive system MR containing ************, and a mask stage RS moves in the direction 
of an optical axis Ax on the wafer stage WS at a two-dimensional migration list by the 
interferometer which measures the location of the wafer stage WS, and the drive system MW 
containing a drive motor. And a control system MC controls the amount of drives of a drive 
system MW based on the positional information of the wafer stage WS from the interferometer 
inside the drive system MW which measures the location of the wafer stage WS while controlling 
the amount of drives of a drive system MR based on the positional information of the wafer stage 
WS from the interferometer inside the drive system MR which measures the location of a mask 
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stage RS. Furthermore, the control system MC is performing control of the location in the 
direction which met the optical axis Ax of the wafer stage WS based on the output from an 
oblique incidence automatic focus system (AF1, AF2) through the drive system MW. 
[0026] Moreover, the illumination-light study system IS for illuminating Mask R to homogeneity 
is formed above Mask R, and it is 248. 4nm in the interior of this illumination-light study system. 
The excimer laser which oscillates the light of exposure wavelength is prepared. And the laser 
light supplied from that excimer laser forms the lighting field of the shape of a predetermined 
rectangle on a mask, the light source image of an excimer laser is formed in the location of 
aperture-diaphragm AS established in the pupil location of projection optics PL at this time, and 
the so-called Koehler illumination is made. Thus, the image of the mask R by which 
homogeneity lighting was carried out is exposed on Wafer W through projection optics PL by 
Koehler illumination (imprint). 

[0027] And if exposure of the pattern on the mask R in a certain shot field on Wafer W is 
completed, a wafer stage will be moved to the shot field of the next door on the wafer W, 
exposure in the next shot field will be performed, and exposure will be performed by the 
so-called step-and-repeat method exposed by carrying out sequential migration of the wafer 
stage WS further for the exposure to the shot field to a next door. 

[0028] In addition, in this invention, as shown in drawing 19 , in case the pattern on Mask R is 
exposed on a wafer through projection optics PL, for example, without restricting to the aligner 
of a step-and-repeat method, a mask stage RS and the wafer stage WS can be relatively applied 
to migration, i.e., the scanning aligner which is made to move Mask R and Wafer W and carries 
out. scan exposure. As for the scanning aligner in this case, it is desirable to consider as the 
configuration which illuminates Mask R top by the exposure light from the illumination-light 
study system IS in the shape of a slit (the shape of a rectangle) and the lighting field IF which 
becomes circular, and forms the shape of a slit (the shape of a rectangle) and the exposure field 
EF which becomes circular on Wafer W by this. 

[0029] The wafer which passed through the process of exposure by the above aligner passes 
through the process of resist removal of removing the unnecessary resist after the process of 
etching of removing parts other than the resist developed since it passes the process to 
develop, and the process of etching etc., and a wafer process is termination ******. And finally 
termination of a wafer process manufactures semiconductor devices (LSI etc.) like an actual 
erector through each process, such as dicing which was able to be burned and which cuts and 
chip-izes a wafer for every circuit, BONDIINGU which gives wiring etc. to each chip, and 
packaging [ PATTEJINGU / for every chip / packaging ]. In addition, although the example 
which manufactures a semiconductor device according to the photolithography process in the 
wafer process which used the projection aligner was shown above, a liquid crystal display 
component, the thin film magnetic head, and image sensors (CCD etc.) can be manufactured as 
a semiconductor device according to the photolithography process using a projection aligner. 
[0030] Although a semiconductor device etc. can be manufactured according to the 
photolithography process by the projection aligner with the **** configuration shown in the 
above drawing 1 , it becomes important at a photolithography process that the projection optics 
of the projection aligner which projects the pattern of Mask R on a wafer has high 
optical-character ability. Then, it explains, referring to drawing 2 R> 2 about the adjustment 
approach of the projection optics in this invention in the time of manufacturing the projection 
optics for projection aligners. 

[0031] Drawing 2 is drawing showing the procedure about the adjustment approach at the time 
of the projection optics for projection aligners by this invention manufacturing. 
[Step 1] At step 1, first, as shown in drawing 4 , the lens-barrel which contains the maintenance 
unit which becomes each lens element (L1-L5) as each optical member which constitutes 
projection optics PL according to the design value by predetermined design lens data, and a list 
from the maintenance frame holding each lens, and a lens element and a maintenance frame is 
manufactured. Namely, the radius of curvature to which each lens element (L1-L5) follows a 
predetermined design value from a predetermined optical material using a well-known lens 
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processing machine, respectively, The lens-barrel which contains the maintenance unit which 
consists of a maintenance frame which is processed so that it may have shaft top thickness, and 
holds each lens, and a lens element and a maintenance frame is processed into the configuration 
which has a predetermined dimension from predetermined maintenance ingredients (stainless 
steel, brass, ceramic, etc.) using a well-known metal processing machine etc., respectively. 
[Step 2] The field configuration of the lens side of each lens element (L1-L5) which constitutes 
the projection optics PL manufactured at step 1 from a step 2 is measured using the 
interferometer of for example, the Fizeau mold. One example of the interferometer of the Fizeau 
mold which measures the configuration of the front face of an optical element is shown in 
drawing 6 . It is 633nm as shown in drawing 6 . helium-Ne gas laser and 363nm which emits the 
light of wavelength lambda Ar laser and 248nm which emits the light of wavelength lambda The 
light from the laser light sources 11, such as Ar laser higher-harmonic-wave-ized by wavelength 
lambda, reflects a beam splitter 13 through a lens 12, and is changed into the parallel flux of 
light by the collimator lens 14. The parallel flux of light irradiates the specimen plane (lens side) 
S of the lens 18 as specimen through a condenser lens 15. Here, the reference side is formed in 
the condenser lens 15, the one section of light is reflected in respect of reference of a 
condenser lens 15, and the remaining light passes a condenser lens 15 and is reflected by the 
specimen plane S. the configuration [ wave front / of these reflected lights ] corresponding to 
the configurations of a reference side and a specimen plane S respectively — ** — it becomes. 
By following the same optical path and returning, these reflected lights are piled up mutually and 
image formation is carried out in respect of the image pick-up of the image pick-up equipments 
17, such as CCD, through a collimator lens 14, a beam splitter 13, and the image formation lens 
16. At this time, the interference fringe by interference of both the reflected lights is formed in 
the image pick-up side of image pick-up equipment 17, and the configuration of a specimen 
plane S can be correctly searched for by measuring that interference fringe. In addition, it is 
well-known to search for the configuration of the front face (lens side) of optical elements, such 
as a lens, using the interferometer of the Fizeau mold, and this thing is indicated in 
JP,62-126305,A, JP,6-185997,A, etc. 

[0032] Like the above, measurement of the field configuration of an optical element which used 
the interferometer of the Fizeau mold is performed about all the lens sides of each lens element 
(L1-L5) which constitutes projection optics PL. And the memory section of the operation 
systems 7, such as a computer and a computer, is made to memorize the each measured result 
through the input systems 6, such as a console, as shown in drawing 3 . 

[Step 3] After measurement of the field configuration of all the lens sides of each lens element 
(L1-L5) which constitutes the projection optics PL in step 2 is completed, for example, the 
maintenance frame (2A-2E) which holds optical elements (L1-L5), such as the optical unit by 
which processing manufacture was carried out according to the design value, i.e., a lens etc., 
and the optical element (L1-L5) of those as shown in drawing 4 — each of five optical units — 
**********. And making a washer (3A-3E) intervene one by one through up opening la of a 
lens-barrel 1, it finishes setting up five optical units setting up was finished so that it may drop 
into a lens-barrel 1. And the optical unit (L5, 2E) first dropped into the lens-barrel 1 is 
supported through washer 3E in lobe lb formed at the tip (wafer side) of a lens-barrel 1, and the 
process incorporated by holding all optical units in a lens-barrel 1 completes it. It is parallel like 
this assembler, and the information about spacing of the optical surface (lens side) of each lens 
element is measured using tools (micrometer etc.), considering the thickness of the washer 
(3A-3E) contained in a lens-barrel with a maintenance unit. And it asks for spacing of the 
optical surface (lens side) of each final lens element of the projection optics PL in the phase as 
for which step 3 carried out setting-up process completion, doing a measurement activity with 
the setting-up activity of projection optics by turns. 

[0033] Thus, it assembles and the memory section of the operation systems 7, such as a 
computer and a computer, is made to memorize in process or the measurement result about 
spacing between the optical surfaces (lens side) of each lens element of the projection optics PL 
in the time of assembly completion through the input systems 6, such as a console, as shown in 
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drawing 3 . In addition, on the occasion of the process which more than incorporates, an optical 
unit may be adjusted if needed. An optical element is made for relative spacing in the direction 
of an optical axis between optical elements to incline to change or an optical axis at this time, 
for example, exchange of a washer (3A-3E). Moreover, by constituting a lens-barrel 1 so that 
the tip of the screw screwed through the internal thread part which penetrates the side face of a 
lens-barrel 1 may contact a maintenance frame, and moving the screw through tools, such as a 
driver, between attachment components may be shifted in the direction which intersects 
perpendicularly with an optical axis, and eccentricity etc. may be adjusted. This thing is 
indicated by JP,7-35963,A. 

[0034] Moreover, a maintenance frame (2A-2E) may be the structure of carrying out 
coincidence maintenance not only of the thing holding one optical element but two or more 
optical elements, namely, holding a lens group. Moreover, as shown in drawing 5 , you may 
finish setting up projection optics PL by the so-called division lens-barrel method which holds 
an optical element by the direct lens-barrel (4A-4E) for every optical element and every lens 
group, accumulates each of that lens-barrel (4A-4E), making a washer (5A-5D) etc. intervene, 
and assembles optical system. 

[Step 4] Next, at step 4, as shown in drawing 4 or drawing 5 , the aberration of a low degree 
which remains in the projection optics PL composed at step 3 is measured. 
[0035] It specifically attaches in the body of a **** projection aligner (or inspection machine 
with the same configuration as the body of a projection aligner) which shows projection optics to 
drawing 1 once, and various kinds of aberration (spherical aberration, comatic aberration, 
astigmatism, image surface gryposis, distortion aberration, etc.) is measured using the **** test 
mask (TR1, TR2) shown in drawing 7 and drawing 8 . While attaching the projection optics PL 
to be examined in the **** equipment (or inspection machine with the configuration shown in 
drawing 1 ) shown in drawing 1 as an example of aberration measurement in measurement of the 
image surface gryposis, the test mask TR1 shown in drawing 7 is held to a mask stage RS. The 
test mask TR1 at this time has the test pattern field PA 1 in which two or more marks were 
formed in XY flat surface, and the protection-from-light band latest starting time formed around 
that, the direction mark Ml of Y which has a predetermined pitch in the test pattern field PA 1 
for example, in the direction of Y The direction mark M2 of X which has a predetermined pitch 
in the direction of X The mark group with four marks with the direction mark of slant (M3 and 
M4) which has a predetermined pitch along the direction of 45 slant to the XY direction is 
formed in 17 places. 

[0036] The test mask TR1 can be burned on a shot field wafer top predetermined [ as a 
photosensitive substrate ] through the projection optics PL to be examined using the **** test 
mask TR1 shown in drawing 7 . And the wafer stage WS is moved two-dimensional, the exposure 
field of projection optics is located in a different shot field from the above-mentioned 
predetermined shot field, only the specified quantity moves the wafer stage WS along the 
direction of an optical axis Ax using an oblique incidence automatic focus system (AF1, AF2), 
and the image of the test mask TR1 can be burned on the different shot field concerned. Thus, 
two-dimensional migration of the wafer stage WS, migration of the wafer stage WS in the 
direction of an optical axis, and actuation of exposure are repeated, and the test mask TR1 in 
two or more locations which met in the direction of an optical axis of projection optics PL is 
burned. In addition, when the number of shot fields is not settled in one wafer, you may also 
insert the actuation which lays another wafer on the wafer stage WS. 

[0037] Next, by asking for the location (the location in an exposure field, and location in the 
direction of an optical axis) of the best image of each mark about all the wafers that were able to 
be burned using an electron microscope etc. based on each mark image of the pattern which was 
actually able to be burned on Wafer W, as shown in drawing 9 , the amount of image surface 
gryposis of the projection optics PL to be examined is detectable. Here, the image surface 
gryposis when drawing 9 takes image quantity along an axis of abscissa and takes the amount of 
defocusing along an axis of ordinate is shown, and the curve a of drawing 9 shows the image 
surface gryposis which remains in the projection optics PL composed at step 3. This curve a 
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plots the location of the best mark image as a result of actually carrying out proof print of the 
wafer W and being obtained using the test mask TR1 shown in drawing 7 . 
[0038] Moreover, while attaching the projection optics PL to be examined in the **** 
equipment (or inspection machine with the configuration shown in drawing 1 ) shown in drawing 
I in measurement of distortion aberration, the test pattern shown in drawing 8 is held to a mask 
stage RS. The test mask TR2 at this time has the test pattern field PA 2 in which two or more 
marks were formed in XY flat surface, and the protection-from-light band latest starting time 
formed around that, and it is formed in that test pattern field PA 2 at 81 places so that the mark 
(8 0 M zero -M 8) of the rectangular mold for example, on a cross joint may serve as **** 
regular intervals in the direction of Y at the direction list of X. Then, an actual test pattern can 
be burned on the wafer as a photosensitive substrate through the projection optics PL to be 
examined. At this time, a wafer front face sets up the location of the wafer stage WS using an 
oblique incidence automatic focus system (AF1, AF2) so that it may be located in the best 
image surface of projection optics PL. And the amount of distortion aberration of the projection 
optics PL to be examined is detectable by calculating the amount of gaps of each mark location 
of the pattern which was actually able to be burned, and the ideal location (each mark location 
by the design value) of each mark which should be burned using an electron microscope etc. 
[0039] Here, distortion aberration when drawing 10 takes image quantity along an axis of 
abscissa and takes the amount of defocusing along an axis of ordinate is shown, and the curve a 
of drawing 1010 shows the image surface gryposis which remains in the projection optics PL 
composed at step 3. This curve b plots the amount of gaps of each mark location to a design 
value as a result of actually carrying out proof print of the wafer W and being obtained using the 
test mask TR1 shown in drawing 7 about each image quantity. 

[0040] In addition, although the actually exposed example was described above in order to 
measure many aberration, image sensors, such as CCD on plane of projection, may be arranged, 
and the amount of many aberration may be calculated through displays, such as a CRT monitor 
electrically connected with the image sensor, from the appearance of each mark image of a test 
mask (TR1, TR2). The memory section of the operation systems 7, such as a computer and a 
computer, is made to memorize the information about the amount of aberration about many 
aberration which remains in the measured projection optics PL through the input systems 6, 
such as a console, in this aberration measurement process, as shown in drawing 3 . 
[step 5] — substep 5a and substep 5b which explain step 5 below — ** — it contains, and 
these substeps 5a and 5b are parallel in step 5, and are performed. 

[Substep 5a] In substep 5a, in order to remove the aberration of a low degree which remains in 
the projection optics PL measured at step 4, projection optics PL is adjusted. 
[0041] Adjustment of projection optics PL is preceded. First, the operation systems 7, such as a 
computer and a computer As shown in drawing 3 , it is based on the information about spacing 
of the optical surface of each optical element obtained like the assembler of each information 
memorized by memory circles, i.e., the information about the field configuration of each optical 
element obtained at step 2, and step 3 etc. The optical master data beforehand memorized by 
memory circles is corrected, and the optical data in the manufacture process of the actually 
composed projection optics PL are reproduced. Then, the information about the amount of 
aberration about many aberration which remains in the projection optics PL acquired at step 4 
as information the operation system 7 was remembered to be by memory circles, It is based on 
the optical data in the manufacture process of the actually composed projection optics PL. 
Spacing (it is hereafter called the amount of spacing amendments of an optical surface) of the 
optical surface of each optical element which aberration can amend is computed, and 
information, such as the amount of spacing amendments of the optical surface of each optical 
element, is expressed as the display systems 8, such as a non-illustrated CRT monitor. 
[0042] Next, an optical element is made for relative spacing in the direction of an optical axis 
between optical elements to incline to change or an optical axis based on the amount of spacing 
amendments of the optical surface of each optical element computed by the operation systems 7, 
such as a computer, by exchange of the washer inside projection optics PL used as the subject 
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of examination shown in drawing 4 R> 4 or drawing 5 (3A-3E, 5A-5D). Moreover, between 
attachment components is shifted in the direction which intersects perpendicularly with an 
optical axis by constituting so that the tip of the screw screwed through the internal thread part 
which penetrates the side face of a lens-barrel 1 may contact a maintenance frame, and moving 
the screw through tools, such as a driver. Aberration of a low degree, such as **** image 
surface gryposis which adjustment is made, for example, shows projection optics PL to each 
curve a of drawing 9 and drawing 10 , and distortion aberration, is removed by performing such 
adjustment technique. 

[0043] In addition, on the occasion of adjustment of projection optics PL, the one section or all 
of projection optics PL is decomposed if needed, exchange of a washer (3A-3E, 5A-5D) or an 
optical unit is performed, and it finishes setting up projection optics PL again. 
[Substep 5b] In this substep 5b, it is parallel to the adjustment process of substep 5a like ****, 
and the information about spacing of the optical surface (lens side) of each lens element of 
projection optics PL is searched for. That is, spacing of the optical surface (lens side) of each 
lens element is measured using tools (micrometer etc.), considering the thickness of the washer 
(3A-3E, 5A-5D) contained in a lens-barrel with a maintenance unit at the time of the 
adjustment process of projection optics PL. And it asks for spacing of the optical surface (lens 
side) of each final lens element of the projection optics PL when the adjustment process of 
substep 5a is completed, doing the tuning of substep 5a, and the measurement activity of 
substep 5b by turns. 

[0044] thus, it is shown in drawing 3 — as — adjustment — the memory section of the 
operation systems 7, such as a computer and a computer, is made to memorize in process or the 
measured result (information about spacing of the optical surface (lens side) of each lens 
element) which is related with spacing between the optical surfaces (lens side) of each lens 
element of the projection optics PL in the time of the completion of adjustment through the 
input systems 6, such as a console 

[Step 6] After the aberration of a low degree which remains by projection optics PL in step 5 is 
removed by adjustment of projection optics PL, it sets to step 6. The manufacture error of an 
optical element (for example, thing which consists of minute aspheric lenses in which the lens 
element which consists of spherical lenses with predetermined radius of curvature has minute 
irregularity according to a manufacture error), Or the high order aberration which the assembly 
manufacture error produced in the manufacture phase of projection optics unremovable by 
adjustment of step 3 originates, and remains in projection optics PL is measured. 
[0045] Although detailed explanation is omitted since measurement of aberration is the same as 
step 4 described, it can be burned on the wafer as a photosensitive substrate through the 
projection optics PL to be examined, for example using a test mask (TR1, TR2). Each high order 
aberration of the projection optics PL to be examined is detected by inspecting each mark image 
of the pattern which was actually able to be burned on Wafer W about all the wafers that were 
able to be burned using an electron microscope etc. For example, aberration with high order 
drawing 9 , **** image surface gryposis shown in each curve b of drawing 10 , distortion 
aberration, etc. is measured. 

[0046] The memory section of the operation systems 7, such as a computer and a computer, is 
made to memorize the information about the high order amount of aberration which remains in 
the measured projection optics PL through the input systems 6, such as a console, in the high 
order aberration measurement process of this step 6, as shown in drawing 3 . 
[Step 7] in order to form the minute aspheric surface which amends the amount of high order 
aberration which was obtained at step 6, and which remains in at least one of said two or more 
of the optical members The information on the field configuration of each optical member of 
projection optics PL, and the information on spacing of the final optical surface between the 
optical members of the plurality of the projection optics PL in the completion phase of 
adjustment, It is required to reproduce the manufacture optical data of the projection optics PL 
at the time of the completion of adjustment at step 5 based on the information about optical 
designs, such as an optical basic engineering data of projection optics. 
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[0047] For this reason, step 7 forms the minute aspheric surface which amends the amount of 
high order aberration which was obtained at step 6, and which remains in at least one of said 
two or more of the optical members based on the information on the field configuration of each 
optical member obtained at the above-mentioned step 2, the information on spacing of the 
optical surface between two or more optical members obtained at the above-mentioned step 5, 
and the optical design information on projection optics. 

[0048] The location of the aspheric surface which can amend each aberration with the high order 
projection optics PL to be examined by which this step 7 at this time was measured at step 6, 
After the configuration of the aspheric surface, the 1st substep which determines the number of 
the aspheric surfaces, and its 1st substep, The optical element which should carry out aspheric 
surface processing is taken out, and it has the 3rd substep which includes the optical element by 
which aspheric surface processing was carried out in projection optics PL, and adjusts it after 
the 2nd substep which performs aspheric surface processing using a lens polish processing 
machine, and the 2nd substep. 

[1st substep] The aspheric surface which can amend each high order aberration of the projection 
optics PL to be examined measured by the information about spacing of the optical surface (lens 
side) of each lens element of the projection optics PL when asking first at the information on the 
field configuration of the lens side of each lens element measured at step 2 and step 6 at which 
the completion of adjustment was carried out, and the list at step 7 based on the optical design 
information on projection optics PL is determined. 

[0049] For example, the information about each high order aberration of the projection optics 
PL to be examined measured at step 6 is used for the operation systems 7, such as a computer. 
Information about the manufacture optical data of the projection optics PL acquired in advance 
of the adjustment process of step 5 (it is based on the information about spacing of the optical 
surface of each optical element obtained like the assembler of the information about the field 
configuration of each optical element obtained at step 2, and step 3 etc.) The information on the 
optical data in the time of setting up of the corrected projection optics PL is re-corrected, and 
the optical data in the manufacture process of the projection optics PL after adjustment process 
completion of step 5 are reproduced. 

[0050] In addition, without using the information about the manufacture optical data of the 
projection optics PL acquired in advance of the adjustment process of step 5 The information on 
the field configuration of the lens side of each lens element measured at step 2, The information 
about spacing of the optical surface of each optical element obtained like the assembler of step 
3, The optical data in the manufacture process of the projection optics PL after adjustment 
process completion of step 5 may be reproduced newly using the information about spacing of 
the optical surface (lens side) of each lens element of the projection optics PL when asking at 
step 5 at which the completion of adjustment was carried out. Moreover, an assembler makes 
the memory section of the operation systems 7, such as a computer computer, memorize the 
hysteresis about spacing or spacing variation of an optical surface (lens side) of projection optics 
PL when passing through an adjustment process through input systems, such as a console. [ of 
each lens element ] It may ask for spacing of the optical surface (lens side) of each lens element 
of the projection optics PL when carrying out the completion of adjustment from the hysteresis, 
and it may be used as information on the field configuration of the lens side of each lens 
element. 

[0051] Next, operation systems 7, such as a computer, perform ray tracing, and determine the 
number of the location of the minute aspheric surface which can amend each high order 
aberration which remains in projection optics PL, a configuration, and the aspheric surfaces 
based on the information about the amount of aberration about many high order aberration 
which remains in the projection optics PL acquired at step 6 as information remembered to be 
manufacture optical data at the time of the reproduced completion of adjustment like **** by 
memory circles. 

[2nd substep] Now, in order to form in projection optics PL the minute aspheric surface 
searched for by ray tracing using the operation systems 7, such as a computer, the one section 
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or all of projection optics PL is decomposed if needed, and the optical unit which should perform 
aspheric surface processing is taken out. Then, after the optical element in an optical unit takes 
out, a lens polish processing machine performs aspheric surface processing to the processing 
side of an optical element. 

[0052] Drawing 11 shows the configuration of a lens polish processing machine, and inputs into a 
control section 20 the aspheric surface processing data computed using the operation systems 
7, such as a computer, through the input system 31 of a lens polish processing machine. As 
shown in drawing 11 , the lens element (optical element) 10 as a processed object is laid in the 
XY direction on the movable migration stage 21, and the edge of that is in contact with for 
example, pin 21a. In addition, although drawing 11 shows the example to which the refractive 
power of the optical surface of a lens side etc. set the lens of very weak refractility as the 
processed object, the refractive power of the optical surface of a lens side etc. can also set the 
plane-parallel plate of the light transmission nature of zero as the processed object. 
Furthermore, although it is good also considering the lens of refractility with the strong 
refractive power of the optical surface of a lens side etc. as a processed object, when a 
manufacture top is taken into consideration, it is desirable for the refractive power of the optical 
surface of a lens side etc. to make taper faculty material applicable to processing as much as 
possible. 

[0053] Moreover, in order to move a stage 21 in the XY direction two-dimensional, the 
mechanical component 22 is controlled by the control section 20. In case a stage 21 is moved 
through a mechanical component 22, in order to detect the location of the XY direction of a 
stage 21, the location detecting element 30 which consists of an encoder, an interferometer, 
etc. is formed in the left end side of a stage 21, and the detecting signal from this location 
detecting element 30 is transmitted to a control section 20. 

[0054] Moreover, the polish pan 23 is attached in the end of a revolving shaft 25 through the 
attaching part 24, and is pivotable considering the Z direction in drawing as a shaft. The motor 
26 controlled by the control section 20 is attached in the other end of this revolving shaft 25. 
The bearing 27 supported for a revolving shaft 25, enabling free rotation is formed in the Z 
direction movable to the supporter 28 fixed to the non-illustrated body. The motor 29 
controlled by the control section 20 is attached in this supporter 28, and a bearing 27 moves 
along with a Z direction according to an operation of this motor 29, as a result the polish pan 23 
moves to a Z direction. In addition, the sensor (un-illustrating) for detecting the contact 
pressure of the polish pan 23 and the lens element 10 as a workpiece is formed in the attaching 
part 24 holding the polish pan 23, and the output about the contact pressure from this sensor is 
transmitted to a control section 29. 

[0055] When actuation of the lens polish processing machine in step 5 is explained, first The 
amount of processings of the minute aspheric surface about the optical element which can amend 
each high order aberration of projection optics PL as mentioned above, That is, while inputting 
into a control section 20 the aspheric surface processing data computed using the count 
systems 7, such as a computer, through the input system 31 of a lens polish processing 
machine, the optical element 10 as a workpiece is held on the stage 21 of the lens polish 
processing machine in drawing 11 . 

[0056] Next, it is moved along the XY direction of a stage 21 through a mechanical component 
22, a control section 20 rotating the polish pan 23 through a motor 26. That is, the polish pan 
23 moves so that it may trace along with processing side 10a of the optical element 10 as a 
workpiece. At this time, the amount of polishes in processing side 10a is determined by the 
contact pressure of processing side 10a and the polish pan 23, and the residence time of the 
polish pan 23. 

[3rd substep] If processing by the above lens polish processing machine is completed, as for the 
optical element 10 as a workpiece, a maintenance frame will be attached after an antireflection 
film is given according to a vacuum evaporationo process etc. And the optical unit which finally 
holds the optical element by which aspheric surface processing was carried out with the lens 
polish processing machine is included in projection optics PL. At this time, an optical element is 
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made to incline and it shifts in the direction which intersects between attachment components 
perpendicularly with an optical axis to fine tuning or an optical axis in relative spacing in the 
direction of an optical axis between optical elements by exchange of the washer inside projection 
optics PL used as the subject of examination shown in drawing 4 or drawing 5 if needed (4A-4E, 
5A-5D). By performing such adjustment technique, aberration with high order **** image 
surface gryposis which adjustment is made, for example, shows projection optics PL to drawing 9 
and drawing 10 , distortion aberration, etc. is removed, and manufacture of the projection optics 
PL with the desired image formation engine performance is attained. 
[0057] 

[Example] Next, the projection optics PL manufactured by each above step is explained 
concretely. It is 248. 4nm as the light source arranged inside illumination-light study equipment 
IS at drawing 12 . The example of the lens configuration of the projection optics when 
considering as the excimer laser which supplies light with the exposure wavelength lambda is 
shown. 

[0058] The 1st lens group Gl in which the projection optics in this example has forward 
refractive power in order [ side / as the 1st body / reticle R ] as shown in drawing 12 , It has 
the 6th lens group G6 for forward refractive power with the 2nd lens group G2 with negative 
refractive power </SUB>, 3rd lens group G3 with forward refractive power, the 4th lens group 
G4 with negative refractive power, and the 5th lens group G5 with forward refractive power. 
[0059] First, the 1st lens group with forward refractive power has mainly contributed to 
amendment of distortion, maintaining tele cent rucksack nature, and, specifically, has amended a 
negative distortion which is made to generate a forward distortion by the 1st lens group, and is 
generated by two or more lens groups located in the 2nd body side rather than this 1st lens 
group with sufficient balance. The 4th lens group with the 2nd lens group and negative 
refractive power with negative refractive power mainly contributes to amendment of the 
PETTSU bar sum, and is attaining flattening of the image surface. By the 3rd lens group with 
the 2nd lens group and forward refractive power with negative refractive power, the reverse 
looking-far system is formed in these two lens groups, and it has contributed to reservation of 
the back focus (most distance [ Projection optics ] from the optical surface of the lens side by 
the side of the 2nd body etc. to the 2nd body) of projection optics. Especially since the 5th lens 
group and the same forward refractive power with forward refractive power are enough 
corresponded to that the 6th lens group suppresses generating of distortion, and high 
NA-ization by the side of the 2nd body, generating of spherical aberration has mainly been 
contributed to stopping as much as possible. 

[0060] At this time, it is the focal distance of the 1st lens group fl It carries out. The focal 
distance of the 2nd lens group f2, When setting [ the focal distance of the 3rd lens group / the 
focal distance of f3 and the 4th lens group / the focal distance of f4 and the 5th lens group ] 
distance from f6 and the 1st body side to the 2nd body side to L for the focal distance of f5 and 
the 6th lens group, it is more desirable to satisfy following conditions (8) - (11). 
(8) 0.1<fl/f3 <17(9) 0.1<f2/f4 <14(10) 0.01<f5 / L< 0.9 (11) Focal distance fl of the 1st lens 
group of refractive power forward on 0.02<f6 / L< 1.6 conditions (8) Focal distance f3 of the 3rd 
lens group of forward refractive power The optimal refractive-power (power) allocation with the 
optimal ratio, i.e., the 1st lens group and the 3rd lens group, is specified. This condition (8) is 
for mainly amending distortion with sufficient balance, and if the minimum of this condition (8) is 
exceeded, since the refractive power of the 3rd lens group will become weak relatively to the 
refractive power of the 1st lens group, a negative distortion generates it greatly. Moreover, if 
the upper limit of conditions (8) is exceeded, since the refractive power of the 1st lens group will 
become weak relatively to the refractive power of the 3rd lens group, a negative distortion 
occurs greatly. 

[0061] Focal distance f2 of the 2nd lens group of refractive power negative on conditions (9) 
Focal distance f4 of the 4th lens group of negative refractive power The optimal 
refractive-power (power) allocation with the optimal ratio, i.e., the 2nd lens group and the 4th 
lens group, is specified. Mainly making the PETTSU bar sum small and securing the large 
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exposure field, this condition (9) is for amending a curvature of field good, and if the minimum of 
this condition (9) is exceeded, since the refractive power of the 4th lens group will become weak 
relatively to the refractive power of the 2nd lens group, the forward PETTSU bar sum generates 
it greatly. Moreover, if the upper limit of conditions (9) is exceeded, since the refractive power 
of the 2nd lens group will become weak relatively to the refractive power of the 4th lens group, 
the forward PETTSU bar sum occurs greatly. In addition, it is 0.8<f2 / f4, using the lower limit 
of the above-mentioned conditions (9) as 0.8, in order to strengthen refractive power of the 4th 
lens group relatively to the refractive power of the 2nd lens group and to amend the PETTSU 
bar sum with more sufficient balance under the large exposure field. Carrying out is desirable. 
[0062] Focal distance f5 of the 5th lens group of refractive power forward on conditions (10) 
The optimal ratio with the distance (length between object images) L to the 1st body (reticle 
etc.) and the 2nd body (wafer etc.) is specified. This condition (10) is for amending spherical 
aberration, distortion, and the PETTSU bar sum with sufficient balance, maintaining a big 
numerical aperture. If the minimum of this condition (10) is exceeded, the refractive power of 
the 5th lens group will become large too much, and not only a negative distortion but negative 
spherical aberration will occur serious by this 5th lens group. If the upper limit of this condition 
(10) is exceeded, refractive power of the 5th lens group cannot become weak too much, and the 
refractive power of the 4th lens group of negative refractive power cannot become weak 
inevitably in connection with this, either, consequently the PETTSU bar sum cannot be 
amended good. 

[0063] Focal distance flB of the 6th lens group of refractive power forward on conditions (11) 
The optimal ratio with the distance (length between object images) L from the 1st body (reticle 
etc.) to the 2nd body (wafer etc.) is specified. This condition (11) is for suppressing generating 
of high order spherical aberration and a negative distortion, maintaining a big numerical 
aperture. If the minimum of this condition (11) is exceeded, a distortion negative by the 6th lens 
group itself will occur greatly, and if the upper limit of this condition (11) is exceeded, high 
order spherical aberration will occur. 

[0064] now — drawing 11 — having been shown — a book — an example — projection optics 

— PL — being related — an item — a value — the following — a table — one — hanging up 

— moreover — a table — one — being shown — projection optics — PL — being related — 
the above — conditions — ( — eight — ) - ( — 1 1 — ) — conditions — correspondence — a 
value — Table 2 — hanging up . A left end figure expresses the sequence from a body side 
(reticle side), r However, the radius of curvature of a lens side, For a lens spacing and n, the 
exposure wavelength lambda is [ d ] 248. 4nm. Synthetic quartz Si02 which can be set Refractive 
index, dO The 1st lens group Gl most from the 1st body (reticle) Distance to the lens side (the 
1st lens side) by the side of a body (reticle side), The 6th lens group G6 most Bf The distance 
from the lens side by the side of an image (wafer side) to the image surface (wafer side), B the 
numerical aperture by the side of the image of projection optics, and L for the projection scale 
factor of projection optics, and NA The length between object images from a body side (reticle 
side) to the image surface (wafer side), fl The focal distance of the 1st lens group Gl, and f2 
The focal distance of the 2nd lens group G2, and f3 The focal distance of 3rd lens group G3, 
and f4 The focal distance of the 4th lens group G4, and f5 The focal distance of the 5th lens 
group G5, and f6 The focal distance of the 6th lens group G6 is expressed. 

[0065] 
[Table 1] 
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dO 


= 105.99385 




B = 


1/5 




NA 


= 0.55 




B f 


= 28.96856 




L = 


1200 






r 


d 


1 


723. 32335 


28. 00000 


2 


-571.27029 


2. 00000 


3 


-8470.94995 


20. 00000 


4 


324. 13159 


7.92536 


5 


360.44110 


28.00000 


6 


-432.97069 


1.04750 


7 


397.04484 


27.00000 


8 


-825.96923 


0.97572 


9 


214. 74004 


31.00000 


10 


110. 51892 


24.04713 


11 


229.41181 


26.00000 


12 


-396. 52854 


1. 10686 


13 


-1014. 34000 


17. 00000 


14 


137.90605 


18. 76700 


15 


-418. 55207 


12.90000 


16 


138.89479 


26.88549 


17 


-133. 71351 


15.00000 


18 


561. 35918 


52.53782 


19 


1381. 31000 


35.00000 


20 


-188.69074 


14. 91509 


21 


-134.03345 


22. 80000 


22 


-198. 69180 


2.79782 


23 


-3029. 37000 


27.00000 


24 


-333. 96362 


2.87255 


25 


905. 53484 


28.00000 


26 


-611.80005 


2.49780 


27 


254. 70879 


30.00000 


28 


3936. 53000 


1.64701 


29 


239. 51669 


31. 00000 


30 • 


-1238.94000 


5. 60527 


31 


-2379.42001 


21.00000 


32 


150.43068 


9.76890 


33 


209. 21387 


17.00000 


34 


149. 67785 


31.54706 


35 


-199. 55198 


15.90000 


36 


341. 76300 


57 70880 

%fWW ■ WW 


37 


-170. 75300 


18.00000 


38 


-3700.60999 


6.28784 


39 - 


-1025. 75000 


23.00000 
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n 

1.50839 (L n ) 

1.50839 (Li,) 

1.50839 (Li,) 

1.50839 (Ln) 

1.50839 (L 4F ) 

1.50839 (Lgi) 

1.50839 (L,, 4 ) 

1.50839 (L„ s ) 

1.50839 (L g4 ) 

1.50839 (L„ 6 ) 

1.50839 (L„) 

1.50839 (L 3 i) 

1.50839 (L„) 

1.50839 (L 3S ) 

1.50839 (L 34 ) 

1.50839 (L 41 ) 

1.50839 (L 4 ,) 

1.50839 (L 4S ) 

1.50839 (L 44 ) 

1.50839 (L 6 i) 
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40 


-212. 37919 


1.14438 






41 


-3009.97000 


23.00000 


1.50839 


(L s ,) 


42 


-312. 33647 


2.92283 






43 


401.05778 


37.00000 


1.50839 


(L ss ) 


44 


-361.42967 


12.43498 






45 


-231.63315 


27.00000 


1.50839 


(L s <) 


46 


-319.48896 


1.10071 






47 


355.64919 


25.00000 


1.50839 


(L 66 ) 


48 


3678. 53000 


4.83032 






49 


177.43364 


32.00000 


1.50839 


(Ls.) 


50 


553.83964 


3.29194 






51 


137.68248 


39.90000 


1.50839 


(L sr ) 


52 


330.86342 


9.82671 






53 


587.42747 


23.00000 


1.50839 


(Lsg) 


54 


81.23164 


7.04896 






55 


93. 74477 


71.00000 


1.50839 


(L 61 ) 


56 


1555.42999 









[0066] 
[Table 2] 

[The value corresponding to conditions about conditions (8) - conditions (11)] 
As shown in fl/f3 = 1.58f2/f4 = 1.63f5/L= 0.0923f6/L= 0.161 drawing 12 , the projection optics 
of Table 1 The 1st lens group Gl which has forward refractive power in order [ side / as the 1st 
body / reticle R ], The 2nd lens group G2 with negative refractive power, and 3rd lens group 
G3 with forward refractive power, With the 4th lens group G4 with negative refractive power, 
and the 5th lens group G5 with forward refractive power, it has the 6th lens group G6, has 
become a tele cent rucksack mostly about forward refractive power, at the body and image side 
(Reticle R side) (Wafer W side), and has a contraction scale factor. In addition, for the numerical 
aperture NA by the side of 1200 and an image, 0.55 and the projection scale factor B is [ length 
between object images (distance from a body side to the image surface, or distance from Reticle 
R to Wafer W) L / the diameter of the exposure field on 1/5 and Wafer W of the projection 
optics of each example shown in drawing 12 ] 31.2, respectively. 

[0067] If the concrete lens configuration of the projection optics shown in drawing 12 is 
explained, the 1st lens group Gl first has the positive lens (lens of both the convex 
configuration) Lll of the configuration where the convex was turned to the image side, the 
negative lens L12 of the meniscus configuration where the convex was turned to the body side, 
and two positive lenses (L13, L14) of both the convex configuration, sequentially from the body 
side. And negative meniscus lens (front lens) L2F which the 2nd lens group G2 has been 
arranged most at the body side, and turned the concave surface to the image side, Negative 
meniscus lens (back lens) L2R which has been arranged most at the image side and turned the 
concave surface to the body side, It consists of middle lens group G2M which are arranged 
between negative meniscus lens L2F in the 2nd lens group G2 most located in a body side, and 
negative meniscus lens L2R in the 2nd lens group most located in an image side, and have 
negative refractive power. 

[0068] The middle lens group G2M Sequentially from a body side, the positive lens LM1 of both 
the convex configuration (the 1st lens), The negative lens LM2 to which the field of strong 
curvature was turned by the image side (the 2nd lens), It consists of a negative lens (the 3rd 
lens) LM3 of both the concave configuration, a negative lens (the 4th lens) LM4 to which the 
field of strong curvature was turned by the body side, and a positive lens (the 5th lens) LM5 to 
which the field of strong curvature was turned by the image side. 

[0069] Moreover, the positive lens L31 to which 3rd lens group G3 turned the field of strong 
curvature by the image side (positive meniscus lens), The positive lens L32 of both the convex 
configuration, and the positive lens L33 which turned the convex to the body side (positive 
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meniscus lens), It consists of positive lenses L34 to which the field of strong curvature was 
turned by the body side. The 4th lens group G4 It consists of the negative lens L41 which 
turned the concave surface to the image side, a negative meniscus lens L42 which turned the 
concave surface to the image side, a negative lens L43 of both the concave configuration, and a 
negative lens L44 which turned the concave surface to the body side. 
[0070] Here, aperture-diaphragm AS is arranged in the optical path between the concave 
surface by the side of- the image of the negative lens L41 in the 4th lens group G4, and the 
concave surface by the side of the body of a negative meniscus lens L44. The positive meniscus 
lens L51 with which the 5th lens group G5 turned the convex to the image side, The positive 
lens L52 to which the field of strong curvature was turned by the image side, and the positive 
lens L53 of both the convex configuration, The negative meniscus lens L54 which turned the 
concave surface to the body side, and the positive lens L55 to which the field of strong 
curvature was turned by the body side, The positive meniscus lens L56 which turned the convex 
to the body side, and the positive lens (positive meniscus lens) L57 to which the field of strong 
curvature was turned by the body side, Consisting of negative lenses (negative meniscus lens) 
L58 which turned the concave surface to the image side, the 6th lens group G6 consists of only 
heavy-gage positive lenses L61 which turned the convex to the body side. 
[0071] Here, in the 1st lens group Gl, since the lens side by the side of the image of the 
negative lens LI 2 of the meniscus configuration where the convex was turned to the body side, 
and the lens side by the side of the body of the positive lens L13 of both the convex 
configuration have comparable curvature and are comparatively close, these two lens sides have 
amended a high order distortion. Moreover, since front lens L2F with the negative refractive 
power of the 2nd lens group G2 arranged most at a body side consists of meniscus 
configurations where the concave surface was turned to the image side, Generating of comatic 
aberration can be mitigated and it is middle lens group G2M. Since the 1st lens LM1 with 
forward refractive power consists of both convex configurations where the convex was turned 
not only to the configuration where the convex was turned to the image side but to the body 
side, generating of the spherical aberration of a pupil can be suppressed. Moreover, middle lens 
group G2M Since it has the concave surface of back lens L2R in which the 5th lens LM5 with 
forward refractive power has the negative refractive power arranged at the image side, and the 
convex which counters, astigmatism can be amended. 

[0072] Moreover, by the 4th lens group G4, the negative lens L41 which turned the concave 
surface to the image side at the body side of a negative lens (negative lens of both the concave 
configuration) L43 is arranged, and since it is the configuration which arranges the negative lens 
L44 to which the concave surface was turned at the body side at the image side of a negative 
lens (negative lens of both the concave configuration) L43, the PETTSU bar sum can be 
amended, suppressing generating of comatic aberration. Moreover, by arranging 
aperture-diaphragm AS between the concave surface by the side of the image of the negative 
lens L41 in the 4th lens group G4, and the concave surface by the side of the body of a negative 
lens L44 Since it can constitute without seldom breaking down symmetry applying a contraction 
scale factor for the lens group from 3rd lens group G3 to the 6th lens group G6 somewhat 
focusing on aperture-diaphragm AS, generating of unsymmetrical aberration especially comatic 
aberration, or distortion can be controlled. 

[0073] Moreover, it is ****** to have the convex to which the positive lens L53 in the 5th lens 
group G5 counters a negative meniscus lens L54, and to suppress generating of the high order 
spherical aberration accompanying a raise in NA good, since it is both the convex configuration 
where the lens side of a negative meniscus lens L54 and the opposite side is also a convex. Now, 
the example about the process which manufactures next the projection optics PL based on the 
basic engineering data shown in Table 1 is explained. 

[Step 1] As shown in drawing 2 , the lens-barrel which contains the maintenance unit which 
becomes each lens list which constitutes the projection optics PL which fills with the 
above-mentioned step 1 the lens data shown in Table 1 from the maintenance frame and lens 
holding each lens, and a maintenance frame is manufactured. That is, the lens-barrel which 
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contains the maintenance unit which consists of the maintenance frame and the lens which each 
lens is processed so that it may have predetermined radius of curvature and predetermined shaft 
top thickness from a predetermined optical material (quartz) using a well-known lens processing 
machine, respectively, and hold each lens, and a maintenance frame is processed into the 
configuration which has a predetermined dimension from predetermined maintenance ingredients 
(stainless steel, brass, ceramic, etc.) using a well-known metal processing machine etc., 
respectively. 

[Step 2] Next, at step 2, in order to acquire the processing information on a lens side exact 
about whether the lens side which should be processed into the spherical surface has formed the 
minute aspheric surface according to the processing error of a lens side etc., the configuration 
of the lens side of each lens is measured about the lens side of all the lenses processed at step 1 
using the interferometer of the **** Fizeau mold shown in drawing 6 . The measurement result 
is memorized through the input systems 6, such as a console, by the memory section in the 
operation systems 7, such as a computer and a computer, as shown in drawing 3 . In addition, it 
is good also as a configuration which connects electrically the field configuration calculation 
section and the operation system 7 which were prepared in the interior of the interferometer of 
the Fizeau mold, and inputs the output from the field configuration calculation section into the 
memory section of the operation system 7. 

[0074] Here, an example about the data of the configuration of the measured lens side is shown 
in Table 3. As shown in Table 3, the page [ 29th ] lens side of rl -r3, r5, r6, r9 -rl5, rl7, rl9, 
r21-r23, r31, r34, r35, r37, r45~r47, r49-r52, and r54 does not turn into a spherical-lens side, 
but is the aspheric surface according to the processing error. In addition, the lens side is 
processed by the spherical surface as the design value which shows r4 which is not shown in 
Table 3, r7, r8, rl6, rl8, r20, r24, r25, r26-r30, r32, r33, r36, r38~r44, and the page [ 27th ] 
lens side of r53~r56 in Table 1. 

[0075] In Table 3, in addition, the aspheric surface configuration of the measured lens side The 
height from an optical axis is set to h, and the distance in alignment with the optical axis from 
the point on the aspheric surface in height h from an optical axis to the tangential plane in lens 
top-most vertices is expressed like the above-mentioned (7) types, when setting r and a cone 
constant to k and setting [ the radius of curvature of X (h) and paraxial ] i and a 2i order 
aspheric surface multiplier to C2i for the natural number. 

X (h) [1+Q-kA/r) 0.5]+C2 h2+C4 h4+ They are +C2ih2i, however A=h2 / r. 

[0076] In addition, when this aspheric surface type (or (7) types) is expressed by 
above-mentioned (8) formulas, it becomes the case where all (CI, C3, C5, C7, C9, C9, Cll, 
C13, C15) of the oddth aspheric surface multiplier are made into zero. 
[0077] 
[Table 3] 

rKbody side face of lens Lll) k=lC2 = -5.471x10-9 C4 = 7.211x10-12 C6 =-6.987x10-15, C8 
= 3.581x10-18 C10=-9.940xl0-22, C12= 1.515x10-25 C14=-l. 189x10-29, C16= 3.746x10-34 
r2(image side face of lens Lll) k=lC2 = 9.640x10-9 C4 =-1.559x10-11 C6 = 7.989x10-15, C8 
=-1.994x10-18 C10= 2.676x10-22, C12=-l. 970x10-26 C14= 7.842x10-31, C16=-l. 486x10-35 
r3(body side face of lens L12) k=lC2 = 2.504x10-9, C4 = 1.800x10-12 C6 =-1.945x10-15, C8 
= 7.684x10-19 C10=-l. 617x10-22, C12= 1.883xl0-26C14=-l. 140x10-30, C16= 2.796x10-35 
r5(body side face of lens L13) k=lC2 = -9.776x10-9 C4 = 1.584x10-11 C6 =-7.836x10-15, C8 
= 1.971x10-18 C10=-2. 706x10-22, C12= 1.945x10-26 C14=-6.176xl0-31, C16= 3.939x10-36 
r6(image side face of lens L13) k=lC2 = -1.281x10-8 C4 = 6.967x10-12 C6 =-1.619x10-15, C8 
= 2.539x10-19 C10=-4.180xl0-23, C12= 5.733xl0-27C14=-4.365xl0-31, C16= 1.315x10-35 
r9(body side face of lens L2F) k=lC2 = -8.091x10-9 C4 = 1.051x10-11 C6 =-1.073x10-14, C8 
= 5.072x10-18 C10=-l. 232x10-21, C12= 1.619xlO-25C14=-l. 097x10-29, C16= 3.005x10-34 
rlOGmage side face of lens L2F) k=lC2 = 1.208x10-8, C4 =-3.713x10-12 C6 = 1.231x10-15 
and C8 =-3.068x10-18 C10= 2.347x10-21, C12=-7. 694x10-25 C14= 1.169x10-28, 
C16=-6.760xl0-33 rll(body side face of lens LM1) k=lC2 = -3.296x10-8 C4 = 6.279x10-11 
C6 =-5.572x10-14, C8 = 3.563x10-17 C10=-l. 492x10-20, C12= 
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3.643xl0-24C14=-4.659xl0-28, C16= 2.397x10-32 rl2(image side face of lens LM1) k=lC2 = 
2.002x10-8, C4 =-3.252x10-11 C6 = 2.300x10-14, C8 =-2.545x10-18 C10=-6.506xl0-21, 
C12= 3.926x10-24 C14=-8.762xl0-28, C16= 6.968x10-32 rl3(body side face of lens LM2) 
k=lC2 = 5.766x10-9 and C4 =-4.636x10-11 C6 = 6.549x10-14 and C8 =-4.629x10-17 C14= 
5.396x10-28 and C16=-2. 777x10-32 rl4(image side face of lens LM2) k=lC2 = 4.539x10-8 C4 
=-7.979x10-11 C6 = 7.887x10-14 and C8 =-5.989x10-17 C10= 4.596x10-20, 
C12=-2. 583x10-23 C14= 7.533x10-27, C16=-8.407xl0-31 rl5(body side face of lens LM3) 
k=lC2 = -3.853x10-8 C4 = 6.880x10-11 C6 =-9.409x10-14, C8 = 8.629x10-17 
C10=-5. 002x10-20, C12= 1.716x10-23 C14=-3.068xl0-27, C16= 2.139x10-31 rl7(body side 
face of lens LM4) k=lC2 = -3.484x10-8 C4 = 4.891x10-11 C6 =-6.547x10-14, C8 = 
5.864x10-17 C10=-3.072xl0-20, C12= 8.969x10-24 C14=-l. 308x10-27, C16= 7.039x10-32 
rl9(body side face of lens LM5) k=lC2 = 9.291x10-9 C4 = 1.762x10-12 C6 =-5.641x10-15, C8 
= 3.610x10-18 C10=-l. 147x10-21, C12= 1.958x10-25 C14=-l. 716x10-29, C16= 6.070x10-34 
r21(body side face of lens L2R) k=lC2 = -1.793x10-9 C4 = 8.806x10-12 C6 =-1.134x10-14, 
C8 = 6.366x10-18 C10=-1.936xl0-21, C12= 3.284x10-25 C14=-2.890xl0-29, C16= 
1.022x10-33 r22(image side face of lens L2R) k=lC2 = 2.095x10-8 C4 =-2.339x10-11 C6 = 
1.406x10-14, C8 =-4.552x10-18 C10= 8,283x10-22 and C12=-8.499xl0-26 C14= 
4.593x10-30, C16=-l. 017x10 - 34 r23(body side face of lens L31) k=lC2 = -3.700x10-9 C4 = 
1.870x10-12 C6 =-5.376x10-16, C8 = 3.559x10-20 C10= 1.000x10-23, C12=-2. 129x10-27 
C14= 1.566x10-31, C16=-4. 112x10-36 r31(body side face of lens L41) k=lC2 = -1.652x10-8 
C4 = 2.774x10-12 C6 = 4.818x10-15, C8 =-3.252x10-18 C10= 9.372x10-22, 
C12=-l. 430x10-25 C14= 1.124x10-29, C16=-3.585xl0-34 r34(image side face of lens L42) 
k=lC2 =-1.756x10-8, C4 = 1.631x10-11 C6 =-7.091x10-15, C8 = 1.179x10-19 C10= 
1.068x10-21, C12=-3.875xl0-25C14= 5.632x10-29, C16=-3.048xl0-33 r35(body side face of 
lens L43) k=lC2 = -3.427x10-8 C4 = 5.336x10-11 C6 =-3.932x10-14, C8 = 1.308x10-17 
C10=-l. 146x10-21, C12=-4.070xl0-25 C14= 1.117x10-28, C16=-8.291xl0-33 r37(body side 
face of lens L44) k=lC2 = 4.750x10-8 and C4 =-2.692x10-12 C6 =-1.583x10-14, C8 = 
2.256x10-17 C10=-l. 298x10-20, C12= 3.758xl0-24C14=-5.379xl0-28, C16= 3.020x10-32 
r45(body side face of lens L54) k=lC2 = -1.581x10-9 C4 =-7.300x10-12 C6 = 3.438x10-15, 
C8 =-6.407x10-19 C10= 4.045x10-23, C12= 2.557x10-27 C14=-4.391xl0-31, C16= 
1.501x10-35 r46(image side face of lens L54) k=l C<SUB>2 = -2.319x10-8 C4 = 2.142x10-11 
C6 =-9.743x10-15, C8 = 2.355x10-18 C10=-3.234xl0-22, C12= 2.546x10-27 
C14=-1.073xl0-30, C16= 1.877x10-35 r47(body side face of lens L55) k=lC2 = 7.534x10-9 C4 
=-1.324x10-12 C6 = 1.738x10-16, C8 = 1.051x10-19 C10=-4.377xl0-23, C12= 6.217x10-27 
C14=-3.932xl0-31, C16= 9.384x10-36 r49(body side face of lens L56) k=lC2 = -8.499x10-9 
C4 = 4.471x10-12 C6 =-2.412x10-15, C8 = 1.080x10-18 C10=-2.747xl0-22, C12= 
3.709x10-26 C14=-2.503xl0-30, C16= 6.654x10-35 r50(image side face of lens L56) k=lC2 
=-8.992x10-11, C4 = 4.380x10-12 C6 =-3.536x10-15, C8 = 1.459x10-18 C10=-3.388xl0-22, 
C12= 4.466x10-26 C14=-3.120xl0-30, C16= 8.912x10-35 r51(body side face of lens L57) 
k=lC2 = -2.893x10-8 C4 =-1.291x10-14 C6 = 1.271x10-14, C8 =-7.075x10-18 C10= 
1.863x10-21, C12=-2.673xl0-25 C14= 2.008x10-29, C16=-6.190xl0-34 r52(image side face of 
lens L57) k=lC2 = 1.227x10-8 C4 =-1.288x10-11 C6 = 1.178x10-14, C8 =-5.922x10-18 C10= 
1.623x10-21, C12=-2.449xl0-25 C14= 1.915x10-29, C16=-6.065xl0-34 r54(image side face of 
lens L58) k=lC2 = 4.194x10-8 and C4 =-1.060x10-10 C6 = 2.183x10-13, C8 =-2.482x10-16 
C10= 1.558x10-19, C12=-5.406xl0-23 C14= 9.678x10-27 and C16=-6.960xl0-31 At [step 3], 
next step 3 A maintenance unit is assembled so that each lens with which the lens side was 
measured at step 2 may be held at a maintenance frame, respectively, and projection optics PL 
is assembled, dropping each assembled maintenance unit into a lens-barrel in predetermined 
sequence, as shown in drawing 4 or drawing 5 . More by the way, this assembler sets, 
considering the thickness of the washer ( 3A-3E, 5A-5D) contain in a lens-barrel with a 
maintenance unit in the information about spacing of the optical surface ( lens side) of each lens, 
it measures using tools ( micrometer etc.) and the memory section of the operation systems 7, 
such as a computer and a computer, is make to memorize the measured result through the input 
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[Step 4] In step 4, the aberration of the projection optics PL immediately after assembling at 
step 3 was measured using the test mask shown in drawing 7 and drawing 8 , and as the image 
surface gryposis shows then the curve a of drawing 9 , it is generated. 
[Step 5] For this reason, at step 5, the optical master data beforehand memorized by the 
operation systems 7, such as a computer and a computer, at memory circles based on two 
information (information about spacing of the lens side of each lens obtained like the information 
(optical data shown in Table 3) about a field configuration and the assembler of each lens) 
memorized by memory circles corrects in advance of adjustment of projection optics PL. And 
the operation system 7 computes the amount of spacing amendments of the lens side of each 
lens which aberration can amend based on the information on the corrected optical master data, 
and the information about the amount of aberration about many aberration which remains in 
projection optics PL, and expresses information, such as the amount of spacing amendments of 
the lens side of each lens, as the display systems 8, such as a non-illustrated CRT monitor. 
[0078] The adjustment technique of making a lens relative spacing in the direction of an optical 
axis between lenses incline to change or an optical axis based on the amount of spacing 
amendments of the lens side of each of this displayed lens by exchange of the washer inside 
projection optics PL used as the subject of examination shown in drawing 4 or drawing 5 
(3A-3E, 5A-5D) etc. is performed. Adjustment of projection optics PL is made by this, and the 
image surface gryposis of a low degree [ **** ] shown in each curve a of drawing 9 is removed. 
It is parallel to this adjustment process, and the memory section of the operation systems 7, 
such as a computer and a computer, is made to memorize the information on spacing of the lens 
side (optical surface) of each called-for lens of projection optics PL through the input systems 6, 
such as a console. 

[Step 6] At step 6, after the image surface gryposis of a low degree is removed by adjustment of 
projection optics PL, the high order aberration which remains in projection optics PL is 
measured. 

[0079] The measurement at this time detects the high order image surface gryposis of the 
projection optics PL to be examined using the test mask TR1 like step 2. In the case of this 
example, as are shown in the curve b of drawing 9 , and the high order image surface gryposis is 
shown in drawing 13 , it has generated. In addition, in order to simplify explanation in this 
example, spacing of the optical surface (lens side) of each lens of the projection optics PL in the 
phase which the adjustment process completed shall have become as a design value, as shown in 
the lens data of Table 1. 

[0080] The memory section of the operation systems 7, such as a computer and a computer, is 
made to memorize the information about the high order amount of aberration which remains in 
the measured projection optics PL through the input systems 6, such as a console, in the high 
order aberration measurement process of this step 6, as shown in drawing 3 . 
[Step 7] 

[1st substep] It precedes in quest of the aspheric surface which should amend the high order 
image surface gryposis. First the operation systems 7, such as a computer The information 
about spacing of the optical surface (lens side) of each lens of the projection optics PL after 
adjustment process completion of step 5 is used. Information about the manufacture optical data 
of the projection optics PL acquired in advance of the adjustment process of step 5 (it is based 
on the information about spacing of the lens side of each lens obtained like the assembler of the 
information about the field configuration of the lens side of each lens obtained at step 2, and 
step 3 etc.) The information on the optical data in the time of setting up of the corrected 
projection optics PL is re-corrected, and the optical data in the manufacture process of the 
projection optics PL after adjustment process completion of step 5 are reproduced. 
[0081] Here, in order to simplify explanation in this example, spacing of the optical surface (lens 
side) of each lens of the projection optics PL in the phase which the adjustment process 
completed shall have become as a design value, as shown in the lens data of Table 1. For this 
reason, the operation systems 7, such as a computer, season the data of the projection optics 
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PL shown in Table 1 with the data of the aspheric surface shown in Table 3, and update lens 
data (correction). 

[0082] The situation of the image surface gryposis when seasoning the data of the projection 
optics PL shown in Table 1 with the data of the aspheric surface shown in Table 3, and updating 
lens data (correction) is shown in drawing 13 . As compared with the curve b of the image 
surface gryposis of drawing 9 actually measured at step 6, the curve of the image surface 
gryposis shown in drawing 13 shows the aberration value almost same in each image quantity, 
and can understand that the optical data in the manufacture process of the projection optics PL 
after adjustment process completion of step 5 are reproduced. 

[0083] Next, it is based on the information about the amount of aberration about many high 
order aberration which remains in the projection optics PL acquired at step 6 as information 
memorized by the manufacture optical data at the time of the reproduced completion of 
adjustment like and memory circles (based on the data shown in Table 1 and 3 by this 

example). The operation systems 7, such as a computer, perform ray tracing, and determine the 
minute aspheric surface which can amend the high order image surface gryposis which remains in 
projection optics PL. At this time, it is the 2nd lens group G2 at this example. Negative lens M2 
in an intermediary group GM 1 The example which designed the minute aspheric surface which 
can amend the high order image surface gryposis which remains in projection optics PL to the 
lens side (the 13th lens side) of the concave configuration by the side of a body is shown. 
[0084] Here, it is the 2nd lens group G2. Negative lens M2 in an intermediary group GM 1 The 
data of the aspheric surface which should be established in a body side face (the 13th lens side) 
are hung up over Table 4. In addition, the correspondence value of the above-mentioned (1) 
type - (5) type is collectively shown in Table 4. 
[0085] 
[Table 4] 

rl3(body side face of negative lens M2) k=lC2 = 0.502xlO-7C4 =-0.687xlO~10C6 = 
0.717xlO-13C8 = -0.605xlO-16C10= 0.308xl0-19C12=-0.870xl0-23C14= 
0.128xl0-26C16=-0.767xl0-31S=0.021micromS(n-l)/lambda=0.0430C=0.00099 (l-/mm) 
The d/D=0.1802 2nd lens group G2 Negative lens M2 in an intermediary group GM 1 As shown 
in drawing 1414 , the aspheric surface which should be established in the concave surface by the 
side of a body (the 13th lens side) has the aspheric surface configuration with two point of 
inflection from an optical axis before the maximum image quantity (the maximum effective 
diameter), and has four point of inflection as the whole lens side surface. Thus, on the whole 
aspheric surface surface, it becomes it is desirable and possible [ that this amends high order 
aberration with sufficient balance ] to consider as a configuration with four or more point of 
inflection. In addition, the amount of displacement of an aspheric surface configuration is shown 
on an axis of ordinate by drawing 14 , and the height from the optical axis of a lens side is shown 
on the axis of abscissa. 

[the 2nd substep] — now, the **** minute aspheric surface shown in Table 4 called for by ray 
tracing using the operation systems 7, such as a computer, — negative lens M2 in projection 
optics PL In order to form in the concave surface by the side of a body (the 13th lens side), the 
one section or all of projection optics PL is decomposed if needed, and the optical unit which 
should perform aspheric surface processing is taken out. Then, after the lens in an optical unit 
takes out, it is a negative lens M2. The **** lens polish processing machine which showed 
aspheric surface processing to drawing 11 to the concave surface (the 13th lens side) by the 
side of a body performs. 

[3rd substep] A maintenance frame is attached after an antireflection film will be given according 
to the negative lens M2 with which processing was performed, a vacuum evaporationo process, 
etc., if processing by the lens polish processing machine of the above drawing 11 was completed. 
And the optical unit which finally holds the lens by which aspheric surface processing was 
carried out with the lens polish processing machine is included in projection optics PL. 
[0086] And the image surface gryposis in the phase incorporated and completed is shown in 
drawing 15 . As shown in drawing 15 , the image surface gryposis of the **** high order shown 
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in Curve b and drawing 13 of drawing 9 is removed, and he can understand that manufacture of 
the projection optics PL with the outstanding image formation engine performance is attained. It 
is the 2nd lens group G2 about the aspheric surface which amends the high order image surface 
gryposis above. Negative lens M2 in an intermediary group GM 1 Although the example 
prepared in the body side face was shown next, the 2nd example which established the aspheric 
surface which amends high order distortion aberration (distortion) is explained. In addition, in 
order to simplify explanation, let the error aspheric surface of each lens which constitutes the 
projection optics shown in the basic lens data and Table 3 showing in the above-mentioned 
table 1 be the same thing also in the 2nd example. Therefore, since step 1 as a process which 
manufactures the lens-barrel which contains the maintenance unit which becomes each lens list 
which constitutes the projection optics PL with which the lens data shown in Table 1 fill from 
the maintenance frame and the lens holding each lens, and a maintenance frame, step 2 as a 
process which measures a configuration for the lens side of the lens manufactured at step 1, and 
step 3 as a process which assembles projection optics PL are the same, explanation omits. 
[Step 4] After passing through the process of the above step 1 - step 3, in step 4, the 
aberration of the projection optics PL immediately after assembling at step 3 was measured 
using the test mask shown in drawing 7 and drawing 8 , and as distortion aberration (distortion) 
shows then the curve a of drawing 10 , it is generated. 

[Step 5] For this reason, adjustment of projection optics PL is preceded at step 5. By the 
operation systems 7, such as a computer and a computer Based on two information (information 
about spacing of the lens side of each lens obtained like the information (optical data shown in 
Table 3) about a field configuration and the assembler of a lens side in each lens) memorized by 
memory circles, the optical master data beforehand memorized by memory circles is corrected. 
And the operation system 7 computes the amount of spacing amendments of the lens side 
(optical surface) of each lens which can amend aberration based on the information on the 
corrected optical master data, and the information about the amount of aberration about many 
aberration which remains in projection optics PL, and expresses information, such as the amount 
of spacing amendments of the lens side (optical surface) of each lens, as the display systems 8, 
such as a non-illustrated CRT monitor. 

[0087] The adjustment technique of making a lens relative spacing in the direction of an optical 
axis between lenses incline to change or an optical axis based on the amount of spacing 
amendments of the lens side of each of this displayed lens by exchange of the washer inside 
projection optics PL used as the subject of examination shown in drawing 4 or drawing 5 
(3A-3E, 5A-5D) etc. is performed. The distortion aberration of a low degree [ **** ] which 
adjustment is made and shows projection optics PL by this to each curve a of drawing 10 is 
removed. It is parallel to this adjustment process, and the memory section of the operation 
systems 7, such as a computer and a computer, is made to memorize the information on spacing 
of the optical surface (lens side) of each called-for lens of projection optics PL through the input 
systems 6, such as a console. 

[Step 6] At step 6, after the distortion aberration of a low degree is removed by adjustment of 
projection optics PL, the high order distortion aberration which remains in projection optics PL 
is measured. 

[0088] The measurement at this time detects the high order distortion aberration of the 
projection optics PL to be examined using the test mask TR2 like step 2. In the case of this 
example, as are shown in the curve b of drawing 10 , and the high order image surface gryposis 
is shown in drawing 16 , it has generated. In addition, in order to simplify explanation in this 
example, spacing of the optical surface (lens side) of each lens of the projection optics PL in the 
phase which the adjustment process completed shall have become as a design value, as shown in 
the lens data of Table 1. 

[0089] The memory section of the operation systems 7, such as a computer and a computer, is 
made to memorize the information about the high order amount of aberration which remains in 
the measured projection optics PL through the input systems 6, such as a console, in the high 
order aberration measurement process of this step 6, as shown in drawing 3 . 
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[1st substep] It precedes in quest of the aspheric surface which should amend high order 
distortion aberration. First the operation systems 7, such as a computer The information about 
spacing of the optical surface (lens side) of each lens of the projection optics PL after 
adjustment process completion of step 5 is used. Information about the manufacture optical data 
of the projection optics PL acquired in advance of the adjustment process of step 5 (it is based 
on the information about spacing of the optical surface of each lens obtained like the assembler 
of the information about the field configuration of each lens obtained at step 2, and step 3 etc.) 
The information on the optical data in the time of setting up of the corrected projection optics 
PL is re-corrected, and the optical data in the manufacture process of the projection optics PL 
after adjustment process completion of step 5 are reproduced. 

[0090] Here, 1st similarly [ in the 2nd example / above-mentioned ], in order to simplify 
explanation, spacing of the optical surface (lens side) of each lens of the projection optics PL in 
the phase which the adjustment process completed shall have become as a design value, as 
shown in the lens data of Table 1. For this reason, the operation systems 7, such as a computer, 
season the data of the projection optics PL shown in Table 1 with the data of the aspheric 
surface shown in Table 3, and update lens data (correction). 

[0091] The situation of the distortion aberration when seasoning the data of the projection 
optics PL shown in Table 1 with the data of the aspheric surface shown in Table 3, and updating 
lens data (correction) is shown in drawing 16 . as compared with the curve b of the distortion 
aberration of drawing 9 by which the curve of the distortion aberration shown in drawing 16 was 
actually measured at step 6, the aberration value almost same in each image quantity is shown, 
and the optical data in the manufacture process of the projection optics PL after adjustment 
process completion of step 5 are reproduced — he can understand. 

[0092] Next, it is based on the information about the amount of aberration about many high 
order aberration which remains in the projection optics PL acquired at step 6 as information 
memorized by the manufacture optical data at the time of the reproduced completion of 
adjustment like and memory circles (based on the data shown in Table 1 and 3 by this 

example). The operation systems 7, such as a computer, perform ray tracing, and determine the 
minute aspheric surface which can amend the high order distortion aberration which remains in 
projection optics PL. At this time, it is the 1st lens group Gl at this example. The example 
which designed the minute aspheric surface which can amend the high order distortion 
aberration which remains in projection optics PL to the lens side (the 1st lens side) of the 
convex configuration by the side of the body of a positive lens Lll is shown. 
[0093] Here, it is the 1st lens group Gl. The data of the aspheric surface which should be 
established in the lens side by the side of the body of a positive lens Lll (the 1st lens side) are 
hung up over Table 5. In addition, the correspondence value of the above-mentioned (1) type - 
(5) type is collectively shown in Table 5. 
[0094] 
[Table 5] 

rl(body side face of positive lens Lll) k=lC2 = 0.502xlO-7C4 =-0.392xlO-10C6 = 
0.162xlO-13C8 = ~0.471xlO-17C10= 0.921xl0-21C12=-0.109xl0-24C14= 
0.696xl0-29C16=~0.183xl0-33S=0.024micromS(n-l)/lambda=0.049C=0.00138 (l-/mm) 
The d/D=0 1st lens group Gl As shown in drawing 17 , the aspheric surface which should be 
established in the lens side (the 1st lens side) of the convex configuration by the side of the 
body of a positive lens Lll has the aspheric surface configuration with two point of inflection 
from an optical axis before the maximum image quantity (the maximum effective diameter), and 
has four point of inflection as the whole lens side surface. Thus, on the whole aspheric surface 
surface, it becomes it is desirable and possible [ that this amends high order aberration with 
sufficient balance ] to consider as a configuration with four or more point of inflection. In 
addition, the amount of displacement of an aspheric surface configuration is shown on an axis of 
ordinate by drawing 17 , and the height from the optical axis of a lens side is shown on the axis 
of abscissa. 
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[the 2nd substep] — now, the **** minute aspheric surface shown in Table 4 called for by ray 
tracing using the operation systems 7, such as a computer, — the 1st lens group Gl in 
projection optics PL In order to form in the body side face of a positive lens Lll, the one 
section or all of projection optics PL is decomposed if needed, and the optical unit which should 
perform aspheric surface processing is taken out. Then, after the lens in an optical unit takes 
out, the **** lens polish processing machine which showed aspheric surface processing to 
drawing 11 to the lens side (the 1st lens side) by the side of the body of a positive lens Lll 
performs. 

[3rd substep] If processing by the lens polish processing machine of the above drawing 11 is 
completed, as for the positive lens Lll with which processing was performed, a maintenance 
frame will be attached after an antireflection film is given according to a vacuum evaporationo 
process etc. And the optical unit which finally holds the lens by which aspheric surface 
processing was carried out with the lens polish processing machine is included in projection 
optics PL. 

[0095] And the distortion aberration in the phase incorporated and completed is shown in 
drawing 18 . As shown in drawing 18 , the distortion aberration of a **** high order shown in 
Curve b and drawing 16 of drawing 10 is removed, and he can understand that manufacture of 
the projection optics PL with the outstanding image formation engine performance is attained. 
Although each above example showed the aspheric surface which amends the image surface 
gryposis and distortion aberration independently, respectively, the 1st [ at least / or more ] 
page of the aspheric surface which amends to coincidence each aberration which remains in 
projection optics may be formed. Moreover, a curvature of field and not only distortion 
aberration but the aspheric surface by this invention can amend image formation properties, 
such as aberration, such as comatic aberration, spherical aberration, and astigmatism, and tele 
cent rucksack nature, etc. Furthermore, it is also possible to amend two or more of such 
aberration etc. to coincidence. 

[0096] Furthermore, although each above example showed the example in which the aspheric 
surface was formed to the lens side of a lens with refractive power, in this invention, the 
aspheric surface which amends the high order aberration which remains in projection optics in 
the flat-surface [ of a plano-convex lens ] or flat-surface side (field where refractive power 
serves as zero) (field where refractive power serves as zero) of a plano-concave lens may be 
formed. Furthermore, in this invention, when projection optics is constituted from optical 
system of a reflective refraction mold, the aspheric surface which amends the high order 
aberration which remains in projection optics may be formed in at least one reflector at the time 
of constituting projection optics from catoptric system. 

[0097] Moreover, it may constitute possible [ insertion and detachment of the plane-parallel 
plate of light transmission nature with which refractive power serves as zero between projection 
optics and a mask or between projection optics and a photosensitive substrate (wafer) ], and the 
aspheric surface which amends the high order aberration which remains in projection optics may 
be formed in the front face of the plane-parallel plate. In this case, although it will pass through 
the process same from step 1 stated above to step 8, attachment of the plane-parallel plate to 
projection optics is very easy for the ejection list of the plane-parallel plate from projection 
optics. Consequently, in order to attach the optical element to which the coat of aspheric 
surface processing and an antireflection film was given in the activity and the 3rd substep which 
decompose the one section or all of projection optics PL if needed in order to take out the 
optical element for performing aspheric surface processing at the 2nd substep in carrying out 
aspheric surface processing of the plane-parallel plate, projection optics PL is assembled again, 
the activity which adjusts can be done unnecessary and working efficiency can be raised. 
[0098] in addition, not only a component with the aspheric surface symmetrical with rotation of 
aberration by this invention which amends the aberration which remains in projection optics but 
rotation — it cannot be overemphasized that an unsymmetrical aberration component is 
removable, for this reason, the aspheric surface by this invention — an optical axis — receiving 
— rotation — it is clear that it is good also as an unsymmetrical configuration. Moreover, 
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although each above example showed the example which established the aspheric surface which 
amends the high order aberration which remains in the projection optics which carries out 
contraction projection of the mask pattern at a photosensitive substrate, the aspheric surface 
which amends the high order aberration which remains in the projection optics which projects 
not only this but a mask pattern on a photosensitive substrate by actual size or expansion may 
be established. 

[0099] In each example shown above, even if the process tolerance of the optic which 
constitutes projection optics is loose, as a result of finishing setting up, since a high order 
aberration component will be removed and it will have high optical-character ability, according 
to the projection optics as an object, the percent defective of the optic itself is reduced and 
there is an advantage which can manufacture projection optics efficiently. Moreover, if the 
process tolerance of an optic is comparable as former, there is an advantage which can attain 
higher optical-character ability than former. 
[0100] 

[Effect of the Invention] Manufacture with the sufficient effectiveness of projection optics with 
the high optical-character ability from which the high order aberration component was removed 
can be enabled without inviting like the above the defect of the optic which constitutes 
projection optics, and the own defect of projection optics according to this invention. For this 
reason, in this invention, the manufacture approach of various kinds of components including the 
manufacture approach of the projection optics which a high order aberration component can 
remove, the projection aligner which can carry out projection exposure of the more detailed 
mask pattern good to a photosensitive substrate, and a semiconductor device with a further 
more high degree of integration is realizable. 
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1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Brief Description of the Drawings] 

[Drawing ll Drawing 1 is drawing for [ in which the projection aligner by this invention carries 
out an outline configuration ] explaining. 

[Drawing 21 Drawing 2 is drawing for explaining the manufacture process of the projection optics 
by this invention. 

[Drawing 31 Drawing 3 is drawing showing the process for reproducing the optical data of the 
manufacture process of the projection optics by this invention. 

[Drawing 41 It is drawing showing the situation of the maintenance structure of the projection 
optics shown in drawing 1 . 

[Drawing 51 It is drawing showing another structure with the maintenance structure of the 
projection optics shown in drawing 4 . 

[Drawing 61 It is drawing showing the configuration of the Fizeau mold interferometer which 
measures the configuration of the optical surface of the optical element which constitutes 
projection optics. 

[Drawing 71 It is drawing showing the appearance of the test mask for measuring the image 
surface gryposis which remains in projection optics. 

[Drawing 81 It is drawing showing the appearance of the test mask for measuring the distortion 
aberration which remains in projection optics. 

[Drawing 91 It is drawing showing the situation of the image surface gryposis which remains in 
projection optics. 

[Drawing 101 It is drawing showing the situation of the distortion aberration which remains in 
projection optics. 

[Drawing 111 It is drawing showing the configuration of the aspheric surface processing machine 
which forms in an optical surface the aspheric surface which amends many high order aberration 
which remains in projection optics. 

[Drawing 121 It is the lens block diagram of the projection optics concerning the example of this 
invention. 

[Drawing 131 It is drawing showing signs that the high order image surface gryposis remains in 
the projection optics shown in drawing 12 . 

[Drawing 141 It is drawing showing the situation of the aspheric surface configuration for 
amending the high order image surface gryposis shown in drawing 13 . 

[Drawing 15l It is drawing showing signs that the high order image surface gryposis is amended 
by the aspheric surface configuration shown in drawing 14 . 

[Drawing 16l It is drawing showing signs that high order distortion aberration remains in the 
projection optics shown in drawing 12 . 

[Drawing 171 It is drawing showing the situation of the aspheric surface configuration for 
amending the high order distortion aberration shown in drawing 16 . 

[Drawing 181 It is drawing showing signs that high order distortion aberration is amended by the 
aspheric surface configuration shown in drawing 17 . 

[Drawing 191 It is drawing showing the rough configuration of a scanning projection aligner. 
[Description of Notations] 
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R ..... Mask 

W Wafer 

PL Projection optics 

1, 4A-4E Lens-barrel 

2A-2E Maintenance frame 

3A-3E, 5A-5D Washer 

LI -L5 Lens 

Gl The 1st lens 

G2 The 2nd lens 

G3 The 3rd lens 

G4 The 4th lens 

G5 The 5th lens 

G6 The 6th lens 
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LT&^t LT<y)i^x:i scds^bs (v-yxm) s 

$iXT*3 0. ^OlgPii^WVXl 5<7>mmmX'KW{ 

soco^i^w-^xi staiiU'rtftttfflSTR 

mmsv>wvii l zsittzmviizk%&. zti^Kmx. 
urn— imzmixm&ztizjz os^tih^Mfe 

fL. 3'J^-^-l/yX14. b'-AXT'J y^ 1 3. 
tirfRI^ >X 1 6 5:^- LT C C DISMISS 1 7 coWife 

wizx&i&ztih . zcom. mmmmi 7cr>mimi,z 

mzitM-thztizx ommst7)mvi£iEm<,zmt>z> 
Zb&X'Zh. =5r*5. ? lY—m^mtzm^xvy 
xme>%&m=Fe>mm (i^yxm) z.t 

te'j&OX'h 0 , icO*{±. MiK, 2-126 
3 0 5^. #^6 - 18 5 9 9 7ffCT^$flt 

[0032] tLhco*n< , 7 < Y-mco^&nzm^tz 

Hffr&FnMJ&Rrtitmi . P L Sr«fiK-r S 

#1^>-X^ ( L 1 — L 5 ) co^XWlsyXffilzfflLX 
ftfrtiZ. *LX. H3tc^-T*n<. *H«Lfcli** 
3>-y-;p*£73A^6 5r^-LT3Vt"i-^. ff-fiCBS 
*<oaffl«R 7^t'J -»fc:iB« S ■£* . 
CX7"-yr3D Xf77 , 2 T-<75S^3fc^ P L 
l.#l^vXf? (L1-L5) cO^TODl^VXDi^ffi^ 

*>. vvxmvm^m^ < l 1 ~l 5 ) t *o*¥«tf 

(L1-L5) *««rt-*«*M* (2A—2E) 
-?<7)3t^x- .y h^ix^<ifflA.±»f S. LT . 
«f 5 OOjt^x^ -y h 5: , MM 1 <7)_La$IS§P 1 a 
^^i-LTWiJ:. 77^(3A~3E) ZittEZttW 

hmsiftizmt LjZ,ts£?izm*Jtifx^<. zl 
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t, &mzmmimzmtLz3.ixtiyt¥3.--yh (l 

5, 2E)I±. mmi^i^ OivM) Izm&LZixfz 
^tt^l bCT7-yi^3E£^LTj£J^;fT., it« 

^--•y ht*tM®rttClR^$^-l. I 7-y >"V (3A-3 

e) com^^umL^tfi^iim (tj z 

MtcOMifflimti3c.mz'n^%:tf i t*. x"ryy°3cr>m 
[00 33] -IcOi^tC. a3^-T*n<, 

xm^cntmrn (v->xm) mtof&mzm-t&mmm 

HSLTt>&V>. Mill 77^r(3A~ 

3 e ) <o3£swc i 05^^^3im6-i*if cottttmrn 
£$tit, &&wiitmznvxft'¥m=?-zffimz j £z>« 
&fz. m^inrnm^mm-thm.m^imLxm^-t 
h vx^&mtf®.ftmz^m-th x o izmm i zmm. 

u z<wxz V ?4 ^-mcVJLmZiYLX&mZ-itZ 

u M>bmcr>m&ZLxi>&><\ zcomn. mtimm 

¥7-3596 3^fglc^$ix-COi,. 
[0034]ifc.ftfffls(2A-2E)U> lO<7»£ 

wh\svxmz$m-tz>mm.X']b~>xi*& 
v\ a*:. H5^-r*n<, spasms. 

>• XffifftK:^*? 2- it&MfiS ( 4 A~4 E ) T'ffi^ 
L, *cr>&m.ffi (4A-4E) SrVy^-V ( 5 A— 5 

d ) m*ft&ztttfbn*-±.w x%&%kzm*±x 
h . mfflttmmffi-ttx'tm%&& p l £iifl^±ff t t 

^tl!D<, Xx-y7"3(CT^±A^^^3t^PL 

[0035] ftf*=w{c{±. -b , tz&yt^&zm 1 tC* 
mfcz&'otfig.m) izwL'o-oii. i37s.txn8^-r*n 

IfXhVX? (TR1, TR2) SrfflV^T. 3-«tf)JR 
H (SKBSiRil. n-7iRH. =?K£iKi£. filffi^ft, SfflK 

sij&a*^;:^ mi izTjk-ttazmm. ( ^^(±ni 
-rmm^^tmm ) izm&KmcDtmtK&m pl^sj 

Oo(t-l.tftC H 7 CC^-T -rX h ?X ? T R 1 £ ?x 
1J±. XY^tSl*I^T1S^c7)v-^*^fiS;$ix^x^l- 



v^-^MilSP A 1 £: ZtKVmmiZB&LZiXtimy&mL 

STtZ^LXte*) . ^ct^x W^-y^JiSPA uc 
«itf. Y^rrsjc^coe.yf-^r^oY^-iaiv-^ 

Mi X^(6im^tr-y^-S:l^oX^(fi]V-^M 2 

xY*it]i;^LT^4 3m.<r>-npAz^xn^ 

f-y^-^-?^6^r|*]-?-7 (M 3 . M 4 ) t«40<?) 

[00 36] H7(C^-r$n^xXhVX^TRlS-ffl^ 
T, f W X h-7X?TR 1 5rK3ftft^3£?^P 
LSr^-LTiS^ttS^t LTi0^xy\±Elf^(7)^H 'y h 
IB«fc:«lSf+»t-6. -?• LT. ^x;uf-yWS^2»: 

-y h^t{4^l>v-3 -y hM®l,z®.WZM:. ®X 
M*-h7*-%X& ( AF 1 s AF2) £fflWOX 
AXf-y'wsj*»A x<o*Wfe:«>oTHf3e««ftt» 

<7)&£M£tttt&. d^aHc, ')UUf-y'WS(7)2 

(e]tc«o^^{4^T-^T-X bvx^TR 1 <7>M£tt 
ttSrtT^. Srfc. >-3 -y hMiS^^'locTJ^xyNCJR 

[0037] <X^, H^tc^J^NWJi^^ftttfeixfc 

m.m ( S3t«JSrtf<7)^a*3 j: v^ia^-^T-oas ) 
mLx^ih&zbizi [a9^-ri!n<. m&nmco 

x^-y^-3 izxmn-iLtf^ttid&x&mp ^zm?th 

V-ZX9TR 1 trfflv^T^tc^xyNWSrgeL-^i LT 
Ltzi>CDX'$>h. 

[00 38] ^/c. m.m$m(omj£cr>m^iziz. in: 
mrniMk<o^it^p^w. Y )'o»htmz^ ssc 

^•f-f-^. h y *9 — -?x 7 x^r— i/R S l,zm%T & . 
Zcr>&f<7)TXh-?X7TR2l±. XYfH*ll:t» 
A>BfiS.$ tltz f X h y ^ - >fflJS PA2k -fixcT) 

xhyN°^-^j|gPA2(c{i. CTitf, +^±£0ii3cM 
<7)-?-7 (M 0 , o -M 8>8 ) *<X^(t]Mm^Y^-(ti^fc 

x\>^mmt*&£ oiz8 ifrmt,zmm.ztLX^ %>. % 
com. m^TXh;*?->'zm^ttgi<7>i£myt , m&p 
LZitLxmittewmt Lxw^.>\±.i / z®.zttif&. 

zcotZ. ^xysa®(±S^^^PLoSM#iSce 
W.-fhXolzmxWiX-hyir-tixik (af i , af 
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2) *fflV>"Ox/^-r— ^'WS^jgSrlft^-rs. * 
Lt\ Wt&ft/^*-y<3*v-? teat 

[ 0 0 3 9 3 £ £ T\ B 1 0 Ji, StttfcHSWS. ttWlfcr* 

1 OcDffii&afi. Xf773i:tlAMo»*? 

i±, l7C*ttxhvx?TRl!:fflv^il:^x 
>NW£ttUft* L-c»6*i.fcte*. HJt>RiHBt=*fr*-4 

[0040]^fc. JiLtT'li. ttJRHfctf-801-r 

<r>mmm?zmm.Lx , t^mmm^tm^mztm^ 

? (TR1, TR2) cO&V-^CDlSH^^fflKltS 
*3»Ttfiv\ £<OflJEa»KHXSt=*JV^T. H3^ 

HM-*iRSafcM-rSfl!«* 3vy-^AM 6 £ 

775 afcHf7*X775b£fc-&t?t><7rC£>'3. £ix 
£>CD-f 7X^775 a, 5b{2. Xf775«ttW 

Ct7Xf775a] t7Xf7/5 atti. Xf77 
[004 1] *i\ tMP*TiRPL08Wfc:ifeioT, 

s^iefe $ ixtcit^m^'f- ? zmiE lx . mmzm±.& 
t. tcom, aw* 7 a. jt^v-^ftizimztitzm 

W-?tit5i&%&& P LOKJtjaST'^^-^ i: ICS 

[0042] <wc 3>-ejL-^^<?)}»s:*7tT3rai 
4*7.: (±0 5 Iztfk LfcttEfcJflR fc =5: 5 ®B%&Jk P Lf*3 



gPfiOV 7 ( 3 A— 3 E . 5 A~ 5 D ) CDieMlzX *) 

±¥m?fscvftmi)faxcr>i®ttfg\m&%zfc. *&v^±3t 

Hi oc9#ft|§u^-r*ra#<£ffi«(fS. SftJRH^coffi 
&<?)i|m**|S&&3ftS. 

[0043] frjs, »»3te*3RP L<08HSfclRL.-rtt. 

«e«fc:*Btrs»3ie¥*p l« i satni^snim 

L. 77^+ (3A-3E, 5 A- — 5 D ) . J>&V>ii7E 
?a-.yh«3<j|^-5T, SJSE, S»3l£^*PL*ffl 

Ct7^f 775 b] ;«t7Xf775btli. iiLL 
«^t7Xf775 a^lSISfcTOU. fij£3fc 

¥»pl<75#wvxsfpco#th (v-yxw) <of®mi,z 

BWSti!««r#tf>S. -ttciyh. «»3KT3RPL<Oi» 
XgWfKfeWt. «f$o--y hfc^fcUWSrttlRttS^ 
S77-/-V'(3A-3E, 5A- 5D) <Ol?$ JrinUfcl- 

co^H (UVXB) WHPSSrfharrS. ^LT. -9-7' 
Xf 775a comment t7Xr 775 b cDltSOfSSS 
t 5r3SStff V £ . •<77X7 i 775 a OiSXg^ 

[0044] ZcoXolZ^ m3lZjjk-fta<^ m^TM'P 

t tzi±mm5ETmx'coim%&%k pl«#i/ >xm=?- co 

ft^S (1/yXl) H<oiaHlfe:W-r*ff«|Lfc«ijR (# 
I^XS^OHfe^ffi (l^Xffi) *)IHIHteBW*«#> 
Sr3yy-;^cOA7J*6 5r^tT3>-f j.-^. ft3t 

C 7 7 6 3 At- 7 7 5 tefc V %T*M&?£¥i6 P L (CT 

m+^&{&&<nu&wmft¥&PLcr>mmzj;~>xm 

HZittzmz. Xf776Kfcutli. jt^^iOMJS 
(MM£. f f ^11/ y7t« 

A^mm\yyxxm^ix^ztm) . ifciuf 7 7 
3 commizxmzxz %^mm¥&cowm&mx'±-t 
&t^xwim&MS&mmLx&&ft*mp uzm?t 

[0045] UmofflmZ. Xf774 tCT^fc^i: 

h-e^.^ (TR1 , TR2) $rfflV%T. &>&nmcO&m 
^JkPL&-ftLX&%&£ffi.t LX<&?X.J\±.(,zm% 

x&mPLnnsvw&wmzmiu-tz. mux. 09, 



(10) fflSHW- 10-154657 



m i o co&&m b iz^-tmz mm^m . me&ik^whis 
v^t. 13 cr^-r *n < . nm s p l izm 

<tti ote»«-r4fc*t=«i, p l*>## 

-r-g.-tfffgfcfcSo'^T. X^f-yr5T-c0li»^TWfC0S 
[0 04 7] ZCOtztb. X7-v*T7\±. W&cox^r-y?" 

2t,zxn^ixfz&%&mt<7>w&vi<?>tmk. mmcox 

•y r 6 tCT f# btltzm&t h WdM^AZWEt Z> «/h 
Z>hcoX'1bZ>« 

[0 048] -I<DB#<D;£;*.f--yT7ii. X^f-y7°6 tCT 
lf-ai§<X7ttteie^^S»3K^P LcOft&cO^JRHS- 

com. ^mmm-r^^m^n^mL. u>-xm 
mtaxmim^ximmiajan 0W.2 «t/xf y 
7\ |g2<7)-tfr^T--yr<7)f^{^ ^ranx^ixTt^ 

(CT^^^iiS^T L:tl^c0Sa^3K^P LCO^U 
>Xfit^<03£^E (l/yXffl) <7>ianifcW-f*«*L M 
fc»»3ie¥SR P L <?Mlfi^RtHlH8t=*-^ v >T % X -f -y 

[0 04 9] fflitf. 3>-ej.-^^co?gg:^7«, X 
-r -y r 6 iCTfhaO £ ^c«!3lES>f^«0g»^» PLc7)s 

mtz^t± ~> xm^tLtzmm^ p ^cowma^f—? 

izmt&im {*T-sy°2lzXWL>tifz&ft,¥ : m=FC0W 
Bttl,zm^2>ffim&J:lf : X^-y?'3cr)m&-±XJ:mizX 

» 6 Ktz&ft^m^em^mcomMizm-t z m wmizm 



[0050] Srfc, X-r 7/ 5«Offl^XgtC5feioT# 

6*ifcs»***p Lwsaa^-r-* 

MV^;t^<. X7 i -yr2(CTH-5J$ix^#^>'X^ 
TcouyXfficoMBftcoffim. x-r-yX3<0ffl.*:£TX 

?iPL^i/yx*f«?B (is>xm) commiz 

B#c7)f^3t^PL^#u-^x^co^ffi (uyx 
ffl ) <Qf§mxi±&m$Eti&izmt & mm* a>y ->vm 
<r>x?>3k zirLx^ty tr *-?%t j gmm<?m%%k i co* 

=e 'J -35 -tt. *<0JBE*» <?>PS^T Lfcu*<0« 

bx&j&p lcd&u yxs^*?i (u>xm) com 

[005 1 ] m±<J5*D#S3S§ixfeiB^T^fO 
T X t- -y r 6 (=T m h iXfzik&3t¥Zk P L KzmtFt £ iS 

spl izmf^h-mKco&w.mzniEX'^ -^wl'^ 

m2C0VXXT'y7°1 a^ti-^^coaiS:^ 
7 *JBv*fc#HB&Bfc: J: "J^feiifeftW^MRffiia* 
36^^ P L te»jft-r 4 fcfefc - *Ht=J(G t TSMf^ 
PL<OlSS4fc«^»*4MWL. ^KKfflftlXSrJW^S 
^^---y h^KOffi-T. ^coik. 3t^-X--y hrttfD* 

^s-?<7)K 0 * Ltzmz. ^m^comTMizM lxk 

[oo52]inti, U >xmmii\srmcom^L^-t 
i>cox'h>9. 3vejL-^49t«o«»*7*ffl«r^TJtajs 
ixtzimmtttr—? & v >xm munxmcoAJim 3 1 

Sr^-LT$WgP2 0^A7J-r4„ 01 1^-T*0<, « 
inxM^k Lxcovzsxm^F- ift^mF?) i oii. xy 

^^zmmmmm^-i; 2 ijit=as$nTt5 
tj, hi ixii. uyxmmco^mcomtfrtitm^iz 

^mffi&coisyXZffliaJJttmi: LtziH^mLX^t 

t>K yxmmcox&fficommn ^mioymmtcow-'if 
tt i^ >xmmco^mcowsx tntm\ ^x&mt&tiaxst 

[0053] £fz. Xf-y2 1 ZXY^fo^2&.7m 

iz&mzit & fzMzmmm 2 2 1± . ©jpgp 2ocj;->t 

IWWSilTV^ft. fg»gP2 2€:^-LTXv : --^'2 1 
ttS-frSBte, X^-i^'2 liOXY^-[6jcofiS2r^ai-r 
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0#Xx-£^2 lcOS^tei&t&ftTfcO. ;<^fil 

[0 0 54] SflgJ12 3fi. «»gP24Sr^LT 

0tett2 5 CO— ffifcBtDfttt&iVCisO . 0+<OZ*|6l 
^Wt LT@^tgTfci». £«0llMiai2 5<0ffii§tc 
ii. SiJffllgP2 0CJ:-5TSiJ«$ixS^:-^2 6* s IXO'f'r 
tt£iVClv&. B^2 5frliM6Sfcfc:£«rt-*«lg2 
7(4. 3pEK5<o*«cfcSHKSiiTV^S»»2 8fcj*L 

fc{±. SsWSB 2 0 fc: J: 9 WW SiiS * 2 9 jWR 9 ft 
(t^TfcO, <IO^-:?2 9<DfftBC«fc 9ttS»t2 7 

^io-r * . wish 2 3 24t 

(±, 9f^JDl2 3i:1fc&DXftfc LTOUVXsg^l OkcO 

[ o o 5 5 ] xf ■yy5t,z$5itz>u>xmmim3mc?>m 
mz-o^xmw-t&b. i-r. ±i*L^*n<. ss^^ 

'MNJSfficoJoXfi, iP*> 3 ^ b° A-^^eOffac^ 7 

A^3 1 £tf-LT$(]fiP8B2 0-^A*^4 fefcto 
Xfek LTiTWfcWf-l OSriai 1 *P(T>U>XmmK\HL 

[0 0 56] Mfl|ffi2 0tt. *-^2 6^^-LT 

W^M 2 3 £ EW6 $ -<irOO|gi&gP 2 2^LTXf-y 

2 3t±. jgjDX^k LTCO^^I OcDjDXMl 0 a 
^•oT^Sid^itrTS. itf>k#. JDXS10 

at=jD(t^>gf)gi(i. jpx® i o a.tmmm.2 3 t com 

(S3WW'y7] l^XtcOl^^XlfJgjDX^Cj;^. 
mT.ff$£7-t&t . Ife&DXftk LTcO^*-?l Oti. 

Ofttt^fis. lt, t^wc. u>-x?9f^DX«t; 

J: 0^^ffiJDX$^v:3te^fg^S:«^-rS3K^->y b 

H4 * fctill 5 ^ Lrtr86lE2t#5 k P L 
rtgBcOV^ ( 4 A~4E. 5A-5D) O^J&fcJ: 

fir 3 £ k K J; 9 Sf^efSR P L *BHS0fcfr iZix, mz. 
II. 09, ilOtSt*n#«ffi?t. SftJtKH^^ 

[0057] 



m.W%&mW. I Srt«KSafSit&3fc»4: LT, 248.4n 

fck £ co&fgft^co U yXm&com^LX t •>£ . 
[0058] Hi 2fcr^-r#n< . *WC<ofiUU3teT5fi 

7j$r^om i u^xspg, k . n.cr>mffijjzm^>t&2u>- 

xm 2 k. 3E<?>JB*WJ*«K>JB3U>'X»G3k» m<OS 

yxma^b. jEcomiff^^m6u>xmG 6 b^mLx^ 

6. 

[0059] 4-*\ jEcomOrJi £ So* l u yxstif 
JEcD'rjX] — v-a :x£fk£$-t!:T. ZcoWilUyXffi 

x 9 i>m2 ifafcmiz®M?hwm.<7) u>xm<,zx 

41^>-XPt± N ±fc:^yyy^— ^SlcoffljEfc^L. « 
B^fflftlSEI-jT^i. ll<?DJffl*f**i*oaS2U^X 

W«7^7*- (fi»)IS?l<Ofttg2i|ll*ffl«l/ 
>-X-W^3t^S*^m2?5!)#:^T"c 7 )SEit) c05t«CS 

SrW^^i k k . »2ft«cWC<0*NA-(k(c-HWt«?^- 

[0 0 60] >rcOfc^. Sgll^vX|¥com^SgSt$rf i 

f 6 . mi!&«:ffi*>feSg2!Bj«cffi*TtfOBBBS:Lk^S 
k#. tlT<0*fr ( 8 ) - ( 1 1 ) *»JB-*-4ik36*i 

(8) 0. Kf j /f 3 <1 7 

( 9 ) 0 . Kf 2 /f 4 < 1 4 

(10) 0.0 Kf 5 /L<0. 9 

(11) 0. 0 2<f 6 /L<1 . 6 

8 ) Tii. lEcomffiJjOm 1 1'V-XPOgo&SEIt 

fi bJEcomm^^3v->xmcom^Mmi 3 bcnm. 

(8)i±. ±Cf-fX) — v-a>-Sr^'5>^X^<ffliE-r 
^^tOtiOT'^Os (8) OTRB2r®^..S> 

k , ^ 3 1^ yxmcomtf jj&m 1 u >xmcommjj ^*t 

LTffl*tW^H<^r«»7ta6. Sco^^xh-^-g v*>"^c 
*<«*-T*. (8) cO±Rg2:^x.^k, SI 

i u yxmcomiftjjtfm 3 u >xmcommt> izn Lxm 
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[ 0 0 6 1 ] *fr ( 9 ) ft<oa*f*cMB2 

Z<7)0k¥t- (9 ) t±. y ^-/UifOSr/hS < Lt\ 

ME^&fctocOi^T'&O. C^f* ( 9 ) OTKfciH 

i S k , *4 yxmnmifrjj&m 2 \y yX&comtfxJ] 
ifc. tkfr (9) co±.mZMz.Z>t. 

m2u >x%tcr>mvx-hi?m4 u yxmnrntfrMztt lx 

tfO t> T"^ y >y v \*-;Pfn Sr J: 9 ' 7 >-x H < IfiE-r & rt: 
ftfcUi, ±IB-&ft (9) coTmmtO. 8tLX. 0. 
8<f 2 /f 4 J:tl,;t* { ML^. 

[oo62i*tt(io) -m, AEcommjwm5 U> 
xmcoMAmmfs tmimw (u^ivm) ts2ft 
# <^xAf) ^T'osggt (ftttrast) Ltosaa^r 

Jt**tt£LTVi£. i<o*fr (10)»J. *#=SrlHP 
O^tt (10) oTIRfcJB*. & t . ^5 uyxmcomtft 
-Ico^f* (10) <0±BRSr*8i4i:. 15UyXf(7)I 

a: oa^ ztiiztt-yxnommjicomAis 
yx&nmifrfth&mizmK**) . .r^SSm. ^w-y 

2m* Ox^) (ftflUBDEIB) LkWfi 

apfrJt*£ffl5eLTV*4. ( 1 1 ) *£3r 

is*>am^wtLhtz>h<nh<r)xfr>h« z^n- ( i 

xh--/ 3 y^<«U I« (11) co±RS 
[ 0 0 6 4 ] £T . Hi 1 Lfc*WOfH03ier#P 

Lizm-tzmTccomzuT'om 1 tstf , 1 

-$1»»*¥*P LfcBWilBftft (8 ) ~ ( 1 1 ) W 

(l^?/Ml) a>&<9Hifi5£JlU rliuyxmco&m 

d{ilx>-Xffi^. nfiSS:M£ifc§|A#248.4niii 
t3V&-&f&E$iS i 0 2 <Dg#r^, dO iif&imfo (V> 

iv) frc>mi v-yxmaicomh^m (ui-tiv 

1SS) coUyXM (SlUyXffi) *T*>ffiK. BftiJSI 



eu>xmxk<7>&i>®M (^x^ffll) oi^>-xa#>t>i& 
^, NAaai^s^^HliweoaHlP*; UiftftfH 

(y^?ivm) frt>wm Oiad t-mwaunE 

f, ttlBlW^XSG^JSIl^iat. f 2 (iJ^l^ 

xm t 9m^sm. f 3 «m3u>xpc 3 ^^jai- 
f, «si4u>'XffG 4 tf03iii^aESf, f 8 aassu^xs 
csojsmaai*. f 6 «± Wi$\syx^z<r>mji3m*m. 

[0065] 
[fii ] 
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= 105.99385 




B = 


1/5 




N A 


= 0.55 




B f 


= 28.96856 




L = 


1200 






r 
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723. 32335 


28.00000 


2 


-571.27029 


2. 00000 


3 


-8470.94995 


20. 00000 


4 


324. 13159 


7. 92536 


5 


360.44110 


28. 00000 


6 


-432.97069 


1.04750 


7 


397.04484 


27. 00000 


8 


-825.96923 


0.97572 


9 


214. 74004 


31.00000 


10 


110. 51892 


24.04713 


11 


229.41181 


26. 00000 


12 


-396. 52854 


1.10686 


13 


-1014. 34000 


17.00000 


14 


137.90605 


18.76700 


15 


-418. 55207 


12.90000 


16 


138.89479 


26.88549 


17 


-133. 71351 


15.00000 


18 


561. 35918 


52. 53782 


19 


1381. 31000 


35. 00000 


20 


-188.69074 


14. 91509 


21 


-134.03345 


22. 80000 


22 


-198.69180 


2. 79782 


23 


-3029. 37000 


27. 00000 


24 


-333.96362 


2. 87255 


25 


905. 53484 


28. 00000 


26 


-611.80005 


2.49780 


27 


254. 70879 


30. 00000 


28 


3936. 53000 


1. 64701 


29 


239. 51669 


31.00000 


30 


-1238. 94000 


5. 60527 


31 


-2379.42001 


21. 00000 


32 


150.43068 


9.76890 


33 


209.21387 


17.00000 


34 


149.67785 


31. 54706 


35 


-199. 55198 


15. 90000 


36 


341. 76300 


57.70880 


37 


-170. 75300 


18.00000 


38 


-3700.60999 


6.28784 


39 


-1025. 75000 


23.00000 



n 

1.50839 (Ln 

1.50839 (Ln 

1.50839 (L 13 

1.50839 (L 14 

1.50839 (L„ 

1.50839 (Lm 

1.50839 (Lk2 

1.50839 (L M3 

1.50839 (Li* 

1.50839 (L„ 6 

1.50839 (L 21 

1.50839 (L 81 

1.50839 (L s * 

1.50839 (L S 3 

1.50839 (L 3 4 

1.50839 (L 41 

1.50839 (L 4 * 

1.50839 (L 48 

1.50839 (L44 

1.50839 (L51 



40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 



1.14438 
23.00000 

2.92283 
37.00000 
12.43498 
27.00000 

1.10071 
25. 00000 

4.83032 
32.00000 

3. 29194 
39.90000 

9.82671 
23.00000 

7.04896 
71.00000 



1.50839 (L53) 



1.50839 (Lbs) 



1.50839 (L 54 ) 



1.50839 (L55) 



1.50839 (L 66 ) 



1.50839 (L 6 r> 



1.50839 (Lbs) 



1.50839 (L 6 i) 



-212. 37919 
3009.97000 
-312. 33647 
401. 05778 
-361.42967 
-231.63315 
-319.48896 
355. 64919 
3678. 53000 
177.43364 
553. 83964 
137. 68248 
330.86342 
587.42747 
81.23164 
93. 74477 
1555.42999 
[0066] 

caw < 8 > (in izm^&zkttttmm) 

f ! /f 8 = 1.58 
f 2 /f 4 = 1.63 
f 5 /L= 0.0923 
f 6 /L= 0.161 

m 1 2 fc5*-**n< . m 1 mimfttL 
>xm, t . jEnmmjizt^m 5u>xm b t . je^> 

E0067]il 2l f Z^Lfzi^myt^cOMi^m^:iy> 

&t>mz. flMBtiaffi*rftiJtfc»*^iE^vx mam 
&wcon.u>XL l2 t^ mamk<o2^c<oiEu>x (l 

13 . L 14 ) fc^LT^S. <?"LT. S2l/yX8fG 
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fcfl^^^vyXLut. UifWfflK:J:0aiv^ft*<?5 
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IES$ ixi. m<7)Sif ^3 Sr^HU^l^ VX L 2F *^d(c[HI 

iRJ^B±*«»-*-4 ^U>XPG 2H CO 

!E<7>mtlTjl£Wr>mi l^XL B1 #®WcflMft(pjW-jt: 
J^K<7)^3r ^ftflsfflRc i> tilffift fa WrMAJgtfTfl&S 
§*VCV E^ifOTm^f^ftJflJ;i£>ihA*T- 
>fra^vXS¥G 2n CDlEcDmifT?>£$roW$5 

u>xun#~ *coi&wi,zmmztL2>n<?>mifrjj*&r> 
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[0 0 7 2] SMUVXEftTtt. fH->"X (M 

oa^^n v vx ) l 4 3 (rmtemwsm zwrnizimmi 
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XffifG 4 ^ >-XL 4 , cD^fflJcDEJBi: 1^ >-X L 4 4 <D 
ttfWBfcOGIffifc <OHfcBHP*2 OAS ft BBS-?" & £ kCJ: 
oT, lg3U>-XS¥G3^A,^6b->-XpG 6 iT'c01/>X 
PftgfiPfS 0 A S £ LX . ^Wt'hfi^ftJf tfo 

os^tt ^ #> 4 0 $ $ -rtcitft-? z&fzto. immt 

[007 3] ^SW^XpGs+WiE^VXL 
83 * { . ft^-X^XU->-XL 54 C«|t]^?>ifi®£WL. 

<Qm7m&*nMizwt&c\btfx%h. zx. 
jtr siskowc cDmtmzwtw-t2> . 

(Xfv XI 3 12KSU^< , Bir^Xx-yXl (c: 
T . « 1 fcr^-TP ^X-r-^ tffiti-ttZ&ft&m P L ft 

^XfcflM«»i:3&»4)«r4fii»jLn -y hftJR^-r«»MfSlft 
»5t-r.S„ -T=Sr^)*>, #1^>-X{i:. ffl»<oi^vXfto:« 

yxi&m-fhunn. \s>xbm¥frb& h%&m$ 
t^zti?timi£<n^m*&rommzmjL% ix& . 

tXT--yy°2}<Xlz. Xr--yy" 2XU. ^StcSDISfL 

mit lx v ^ h tp^friz-o^xiEW* u yxmcomnmm 
zn&tztbiz. x^r-yyuzxmJi^rLfc^xcouyx 
cou yxmizm Lx. m 6 (c^-r^n^ y -r v-IOTf 
9tzm^x%-u>-xcDuyxm<7)Btfj)mmzti&. % 

«W«aW* 7 (*|C0p< 'J -gptc n > y -/WfOA^IiR 

[0 0 74] ;i"C\ fhSJSttJtU^XSO^KcO-r- 
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23, r31, r34. r35. r37. r45~r47, r49— r52 
&£l/r54CD2 9Wcoi/>Xffil,t. iffiU>Xii (i^: 

fc. ^3tC^LTl-> : 5:^r4 , r7 , r8 , rl6, rl 
8, r20. r24. r25. r26~r30, r32. r33, r3 
6, r38~r44, r 53~ r 56CD 2 7 BSO U yXfflfi:^ 1 
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£Tcoymiz?^~>f^MZX (h) . i£McD\&m*&Z 
r . RSt^gfcSrk. g^cSr i . 2 i#^#IOT«RSr 



X (h) =A/ (l-h(l-kA/r)C5 )+c 2 
2 + C 4 h« + + C 2i h 2i 

r 1 

k= 1 

C 2 =-5, 
C 6 =~6. 



4 7 1 X 1 0" 9 
987X1 0- 15 
C 10 =-9. 94 0X 1 O" 22 
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k= 1 
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C 8 - 

^16 : 



c 4 = 
c 8 = 
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^1 6 : 



flU A=h 2 /rtT*So 

[0076] JSrfe. £ <0##ffi5£ ( ( 7 ) *) tr 
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747X1 O" 22 

5 0 3X 1 O" 30 



C 2 --8. 
C 6 =-2. 
Ci o — — 2 . 
C 14 =-2. 



C 4 = 
c 8 = 

Ci 2 = 
Cl6 = 



r 5 0 (1/>XU 



k= 1 

C 2 --8. 9 9 2X 1 O" 11 . 

C 6 =-3. 5 36X 1 O" 15 . 

C 10 =-3. 388X 1 O" 22 . 

C 14 =- 3 . 120X1 O" 30 . 
r 5 1 (l/yXU 7 QWJl) 
k= 1 

C 2 =-2. 893X 1 0' 8 „ 

C 6 - 1.271X1 O" 14 . 

C 10 = 1.8 6 3X 1 O" 21 . 

C M = 2.0 08X1 O" 29 . 

r 5 2 (v-yXL^comMm) 



c 4 = 
c 8 = 

Ci 2 = 
^16 = 



c 4 =- 

c 8 =- 



k= 1 
C 2 = 
C 6 - 
C i o = 

c 14 = 



2 27X 1 0' 8 
178X1 0" 14 
6 23X1 0" 2 * 
9 15X1 O" 29 



r 54 (1/VXU 



k= 1 
C 2 = 
C 6 = 

^ i o ~ 
Ci 4 = 



4. 
2. 
1 . 
9. 



194X10" 8 
183X1 0" 13 

5 58X1 0~ 19 

6 78X1 0~ 27 



C 4 =- 
C 8 =- 

C i 2 = ~ 
C, 6 =- 



c 4 =• 
c 8 =- 

c 16 = - 



CXf 77°3)^:, Xf773tll 

b&lcmmftliZWtiZtl&Vvzs* (3A-3E, 5A 

-5D ) coffSSrlDttU^feXft (v>f 

*) ^fflwrftSIU ft«Ufc*S**rj yy-;^^A 

fc:«W*tt3&«E| 9 CD ffllg a teSrT J; a £ffc£ LT v ^ . 
Cxf7/5) Zcotztb. Xf7r5T11 SUB*** 



9. 384X1 O" 36 



4. 4 7 1X1 0" 12 
1. 080X10' 18 
3. 7 09X1 O" 26 
6. 6 54X1 O" 35 



4. 380X1 0" 12 

1 . 4 5 9X1 0' 18 

4. 466X10" 26 

8. 9 12X1 O' 35 



1 . 2 9 1X1 0' 14 
7. 0 7 5X1 0' 18 
2. 6 73X1 O" 25 
6. 190X1 O" 34 



1 . 288X 1 0" 11 

5. 922X10" 18 
2. 44 9X1 O" 25 

6. 0 6 5X1 O" 34 



- 1 . 0 6 0X1 O-!0 
-2. 4 82X1 0" 16 
-5. 406X10" 23 
-6. 9 6 0X1 0" 31 

uyxcommmm-thmm (i3^t*?f-^) 

& i x/m& ± x xg fc: x n btitz # u y x<o u y Xffico 

mmifzm^^mn) izm^x. ^^o—et^z^Mz 

&PL(,zMtt&mMmzmT&ifm&t,zmT&iimt 
izm^ ^x . wM&miE u#£ # u yx<7) u yxmojs 

8 (/zx v &isyxcouyxmcommffijE&mnffii&i:m 

[0078] z<r>m^ztifz&uyx<7)isyxmcofSV& 
niE&izm^x. mi&tzimsiz^Ltztf&ttmt 

%&tk&ft¥J&PLftBC0*7v>< J r (3A- 3E, 5A 

-5D) 0D3SHfc:<k owxrao3tw^i^T'coffl«rapg 
WB#a^firibn« • i tiiz ± d p l comm 

ft^&PLn&uyXcoi/yxm (ite^ffl) oiBP*o« 
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(Xf77'6) •y7 , 6tt±. a»3t^5RPL<0«SE 

P Lt=BOTt*%<0JRS*a£'4-£. 
CO 0 79] i<0tS<0MStt. ^f7r2tR«tf 
xm^TRl $rfflV>-C^alE*^<0^3^^P L<7) 

**:*>{::. 1111*^7 Lfci^Wje?« P L 

co&uyxcrtf&m ( u >xm ) commum icou>x 

f-^CSt*i< mtmt'ts 0 KSroT i^4 twit 
6. 

[0080] -rcOX-f 7/6 OS^JRMtHSSXStfc 
V . H 3 jciR*- #D < , ff-pj $ *ufc8t»5l£36JR P L lc£g 

CX-r-y7'7D 

J*S£fci:«>4l;:5fc£oT. n >^a.-^mcom. 

n&7\±^ Xf775 cOffflSXSSSTf&T'OfSf^^ 

PLf5#^>-xc?)^ffi (u>xm) nismtzmtiftt 

mm&xr/XT- ••/ T3com.?>.iLXJLmt,zxmt>titi&v< 
yxcouyxwcommi l zffli-z,ffimmzm~j^x. mt 

SrSfEELT, X-f- y 7° 5cOf§SX^Tf^fctt 

4. 

[ o o s i ] >r zx\ *m<ot$r&iz. w&znwz-t 4 
#ix>xco^ffi (u>xw) comma. m.icou>x 

■t— 9 iz^-TM < ffctHl t**5 0 lz& -> T V ^4 1> co b •? 
4„ z\cotzHb. ^v^3.-?mcomi.3kl\t. miizyn 
■fimx&m P L co^r— -9 </Z3z 3 £5H-#J*ifficD-r- * 
ZtinmLXlsyXf-ftrJEm («HE) "T4. 
[ 0 0 8 2 ] la 1 3 fclti. a 1 (-^-fJS^^P LiO 
■r- * 3 IZfjrti PSffiOf- ? SriDi* LT V >Xf 

s. Bi 3iz5nir®m%mco<fom&, xf yysizxm 
fe<iz§twztitim9co®m§tii<7>m8Lb timi-x » # 

[0083] iKd. J3UL«*nS WM$*l.fcWB^T«W> 



776 lcTf#^fi*rf£I*3£^P Lfc»#-f 41BRK 

i mfm. 3 tc^-r f - 9 izm~j § ) . nyt-a- 

£&Jg-T4. Cl«0«f. *MT-(i. i21/yXSfG 2 

(mi3u>xm) iz. «a»3ifi*5RPLfe:»#^-4wa: 

<0«W*ft**liEf * 4 J: 3^/J^«B*tStH.fc0iJ 
[0 084] m2U>XWtG 2 co^mWtGttft 

com.u>xm 2 com^mm cm 3uyxw) izmf& 

wmco < 1 > as— < 5 ) i&emmmzwitx^Lxh 
4. 

[0085] 
[314] 

r 1 3 (gl/yXM, ^)fe#:ffljffi) 



k= 1 






C 2 = 


0. 


502X 1 0" 7 


c 4 =- 


0. 


687X1 0-iO 


c 6 = 


0. 


7 17X1 0" 13 


c 8 =- 


0 . 


6 0 5X 1 0" 16 


c 10 = 


0 . 


308X1 0" 19 




0 . 


87 0X1 0~ 23 


c 14 = 


0 . 


128X1 O" 26 




0 . 


767X 1 0" 31 


s = o. 


0 2 1 Aim 


S ( n- 


1)/A=0. 0430 


c = o. 


0 0 0 9 9 ( 1/mm) 


d/D = 


0 . 


180 2 



DO® (®1 31/VXi) 

^raT^Dflffi (si 3u>xm) izttLximmtnjLZ 
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[0086] -?• L"C, ffl^ii^T LfcB«T<o«w* 
fflS:lll5^-r. HIl 51^-TJ: H9<0E&l£b 
at/013fc:^-*DS*i>:<?D«W»*3&*l»*$ix. Wi 

ME-rsoswiM^v^xBG, cd4>bibg„i rt<o 

T. fll CStl^yXf-^ SrSf^-fa^^ P L2r 

SSBt-t SXfli: ITWXf 7 71, lf771 (CTlSt 

Xf7 72, fcitX&i^^PL^A&TSXefc 

C^f */74 D £Ui^x^yXl~X^fyX3c7XDg£ 
&?tf&. Xr--yr4tCiDV'>T. Xf77 3 fcXffl^&X 
^ix^Sf£<DfS;i*3epifc P L OIRHii , H 7 *5 J: tfH 8 

fRU (fah-y 3 y) ^iai OOftlSatC^-rid 
t=3fe£LXV->£. 

PL<yDiiSlc:3felt-3T. ayta-^. ItactS^dlft 
h->XTcr>U>XWnWBmzmtZ>ffim (^3t*t 

^i^>x®c7)ispatcii8-r-g»ffffs) ci-^v^. 
x, mn&m. zwmE-£titz±¥m*T-?<7)tfm 
m-t&mmtizm^x. MmzmELnz&uyxcT) 
RT^=.^—mcom^^8izx . ^u>xcouyxm 

[0087] dcO^KSiX^^-l/VXcOL-^Xao^Pi 
3rS&tfct^ P L ftgfl^V 7yt(3A-3E, 5 A 

- 5 d ) o^tc ± o i^ vxiaoaaBdsrifiif <o*g»iaiHi 

SB&m&fttoti & . ZtilzX 0 P L 5: SHE 



a*$:3*u ai o^m^^zTr.-rm^^comm^ 

f^^PLco^uvxco^ffi (l/vxi) franco 
tifgS: 3 >- y 6 £ :fr LX 3 > t j. - ? . 

CXT7/6) Xf776-Cli. Sl^fc^ PL COPSE 

izz^x&ix&mmwmim&istLfzmz. 

P Uzm?-t&-&Kcom&WMt:W7£tZ> . 
[0088] <r<Oi;#co$J5g<±. 772 i: mmzr- 

lco#i^>-x<?)^e (uyxm) nmmiinicouy 

[0089] ;<0Xf776 ^^cOItXHttSlJXSlCfc 

mvwwmsiizmt sum* 3 vy-y^oATj 

UT777] 

wm*i>t#>&iz9b$.-ox . i-r, nvt-jL— ?«co2R 
ir^ 7 « , xf775 <osrasxs^Tar<oa»3is^» 

PL«#l/yX<03£?i (l/>XI) cOHHteBW-iW 
fSSrffl^T. X-r>/X5<O^XStC5ti-3-C»4>iTJt 
«»*^* P L eo«je#5*f - ^tBWSffi« (Xf 7 

7 73 C0ffl^.TiTXm(3T# ^>^7c#l- >-X03K^ 

^PLcoffl-htf^-CW^x-^cOffiffg) zmmiEL 
X. X-f--y7*5<?5ilWl®STftfc:*j»t6a»*^3RP 

[0 0 90] H25IMMcOit^-4,, ffiificoJISl 

L^SPS-Ctoaf^^* P L yXOf?I 
(\s>-Xffi) cvfflmii. micr>\s>X7"-?t,z5jk-t%0< 
m\-mt'ti<0lz%:'?X^&i>cr>t-t2>. n>- 

b- * - ^^cosigtm 7 u: . m k:5Htft»3e^iR pl» 

7* — ? 3 tc^i^^ffiiO-r— ^ 2rSD5t5 LT P yXf 
-^*5BW («E) -f 

[ 0 0 9 1 ] a 1 6 ^ 1 c^-na»3t^p lo 

-r- ^ 3 (C^-f^fficOx- ^ 5r jDUfe LT yXf 

fg^ita! $^09 co^ftjR^io mmbt Jttss l t . # 
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-ftmmztix i^ft mf&TZ ft . 

[ 0 0 9 2 ] <Wc. UJb<»>*P# WSSitfcSBasfeT»«f<0 

xf -y r 6 t=r »6*uta»flfi*»p l K?g#-f ftK& 
-ma i msm 3 ic^-r r"- ? izm-3% > . a > tr 

Sfl^«1«2K0MSttffSfrMjE-C« ft <£ -5 i«NIWH 

£&5£-rft. «r<oi$» miv-yxmG, com 

ffl) fc, SIMS¥jKPL(=B#4-«»%OSi&iRtt^ll 
[00 93] lit. fUluyXmGi COjEU^XLu 

covnfofflcouyxw (.miuyXffi) izmi&^im 

< 1 ) SC— ( 5 ) 5fcOttlSffi£{tftfT^LT&ft. 
[00 94] 

ri (iEuyXL,,o»ie) 

k= 1 

C 2 = 0.50 2x 1 0-7 
C 4 =-0. 39 2X 1 O" 10 
C 6 = 0.162X1 O" 13 
C 8 =-0. 4 7 1X1 0-i7 
C 10 = 0. 9 2 1X1 O" 21 
C 12 = -0. 109X10' 24 
C 14 = 0. 6 9 6X 1 O- 29 
C 16 = -0. 183X10- 33 
S = 0 . 024jnm 
S (n-1 ) /A = 0. 049 
C=0. 00 138 ( 1/mm) 
d/D = 0 

miisyxmGi coiEu>XL u cDmfoMcDa&yi(7)v< 
>xm (.miv-yxm) izmf&^zimma. mi i 

H^fflirLTti, 4O05£jffij££3rLTVv&. -TCOio 
£>Oi§££^LTi^ft. 

7Srfflv^5lSKjIBW;J: 9*^4>*rfc*4lc^-?-*n#{£ 
/J^M*ffi£«J£5fr^P L^OHS 1 uyXPG, <0jEW 



1 lC^L7tft^>-Xgf®flDl«Slc£9?T3. 
CI3<0tXxf'yX] fcLhOHl l^>XmmnX 

mzx vftmmzztifci'>x*8m-*iitf&x=Lv 

[ 0 0 9 5 ] •€■ LT . LfeSBTOffiftJR 
M118lcSt. HI 8tc^-TJ:dtc;, HI 1 0 cofflHI 
bS.rjT3l 6^-f*n^s<5:oSftJR^m*§ix, ffi 

t,z£&immi±. mmmm. mmwm?>&%:t>-f3-?w. 
fc»4. i ix ^ <r>mttcoi&mmz m&fizm£t ft zti>-*j 

[0 09 6] 3 4>|c, J3Ub<?3«5HIWCti. a*r*«:l* 
^U>Xcois>XWt,zimW£B&Ll.tzM£^Ltitf. 

B) iJtti^iaw-vX^Mjll (ffl*f**««4:=Sr*ffl) 

?r R»esfffl<o3ie^*-cfli(S u>t , & ft v » 
< fc 1 1 mmiffiiz. i^mtmwzmf-t&mftco 

[0097] i fc, a»3ie¥* fcvx^t <oiat3«i«» 
*«* fc sr im&feco^fi^mwi tmimmizm m. l , 

ftS^JRHSrlfjE-rft^ffiSr^LTt^v*. Cico 
JiLb^j*^^. T771 *'Uf >y 7*8 * T'H t 

I-f ft^tcti. m 2 cr>^-r^y- -y rtcT^^BJPXSr 

co-<f7'x-r-yrtfcv»T#^M3DX, KltKitJKon- 
h *«» S tU&t&mFT- ZW. *) o»t ft ^totf5^3t^ P 

[0098] »»3l6¥*fc:»#^4lRai*ffljE'r 
ft *f6WK: <fc ft ^^«ffi{± . JRUct) 0(E*«i5fc fifc4H0**r 
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[0099] 0±l,Z7f;Ltz&mmMXl±. Si^^Sr 

mm-hft^&nmTMgLitm. <xi>. m^±if fern 
mmt \^x<n&m^m:\±nKn^fcfttfmkZix 

XTS^^&mZ^-f&ZtlzK&tztb. 

co^&mz&TZit. ?$m£<m&ft'¥3k*wmx'is & 
m&tf$>&. ttz. ^.^shcomxmm^tx'tmm 
mx-frixii. ^&xa±<,zM^ft¥im$:m&x'Z hm 

[0100] 

ZtU < £ t & < . ^WJKH(£*A*I&£ $ fufcW v 

[mHcomm^fSBH] 

[ 0 i ] n i i±*?twiz x h ^tmm^m^smmm- 

h W9sth tzibcomX'h h . 

[H2 ] 0 2 ittz&mz x h mzit^&nmmj&mzwt 

mt&?z>>bcr>mX'$>Z>. 

iw\3 ] m3iz*¥twizj;%im^m<?)wmmm<D3t 
^t- ? zmm-t h tz*b<7m&z^-tmx'$> h . 
[04 ] 0 i iz^ Ltzim^mcDomffimntiFFZ^ 
■tmx$>&. 

[0 5 ] 124 icij* L*^3fc^<0«^rajgfcti8^1f 

it&5c$-0f£>&„ 

[06 ] SUB*** £ flMfc-T £ ft^S^P co^fflcoftm 

s-n-aa-rs ^ * Y-m^m\<?>ffifcZff;-tmx'fo&. 

«fx h -7 x ^ coif £ ^-T 0T£> & . 



[08] tmxmkizmrthmmmz^mt&tztb 
[09] saiJ3i^*fci8#^-4*mft<o»^^ji^ia 

X'foZ. 

[010] «u»3^*t=»#f-4SftiRi^a^*5Kr 

0T'£>S. 

[0ii] ikB^mzm^-t^-mixcomiRmi^miE-r 
&immzftm%izmm-&immuTM(r>mfc*frtt 
mxfoh. 

[012] ^w^mmmzfrfr&mm^iknxsy-x 
m&mxfoh. 

[0 1 3 ] 0 1 2 tZTjkLfziStm^^zm^im^ 

tm& lx v ^hmFFZtjk-tmx'fo & . 

[0 1 4 ] 0 1 3 (C^L^&^ffi^fflSrffiE-rSTt 
tf>^^BJ^K<O«H 1 S-^r0T*»S . 

[01 5] 01 AizTjkL tzftmmmmz x^x 
m^&fimsEztix^&mTZ^-tmxhz, . 

[0 1 6 ] 0 1 2 (c^ Lfci«0#^*Ki*8:oSttiK!& 

LT v^UH 1 Sr^-T0T$> & . 
[017] 01 6tc^Lfci^&^i&Jim£1«E^S*: 

[ 0 1 8 ] 0 1 7 t tcimmmmz x-?x mixcom 
mi$mtimiE2tix^&m?&jf;-tfflX'$>& . 
[019] ^sst^i?3^awetis&w : 5r^«^^-r0 

[fc^ffcHJi] 

R 

w 

PL 

1. 4A-4E, M1§S 

2A-2E ffif## 

3A-3E. 5A-5D T7 -y ^-r 

Lj — L 6 

Gj Sgllx>-X* 

G 2 W.1WX 

G 3 S&3 \s>X 

G 4 ^4U>X 

G 5 I5I/VX 

G 6 1&6UyX 
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[03] 



rt 




17 It 
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Mi* 



Mao 




[083 



PAi LST Ut NU 



5^ 



-3^ 



5?l 



3> 



"til* ! 

Trp%: 



-TRt 



[HI 9] 



-0.400 r 
-0.200 

I 

0.000 
0.200 
0.400 



0.2 



[09] 
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imi i] 




[HI 3] 
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[HI 5] 



00 
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0.050 
0.100 
0.150 
0.200 
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